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PREFACE 

The  Ontario  High  School  Physical  Geography  is,  in 
the  main,  a  text-book  of  Physiography,  with  the  addi- 
tion of  a  sufficient  description  of  the  Solar  System  and 
of  the  Stars  to  acquaint  the  student  with  certain  of 
the  fundamental  facts  of  Astronomy.  Since,  however, 
the  study  of  Geog^phy  can  be  neither  truly  scientific 
nor  educational  unless  it  is  humanistic  in  its  aim,  the 
intimate  relation  between  Physiography  and  Political 
and  Economic  Geography  has  not  been  neglected. 
References  will  be  found  throughout  the  text  to  the 
influence  exerted  by  physical  conditions  upon  the  life 
of  man.  In  addition,  the  final  chapter  of  the  book 
consists  of  a  series  of  problems  specifically  designed  to 
illustrate  the  close  relationship  of  Physical  to  Economic 
Geography.  The  questions  are  not  intended  to  cover 
all  possible  geographical  relationships;  rather  they  are 
intended  to  give  the  teacher  some  very  definite  prob- 
lems to  solve  in  conjunction  with  his  class,  and  at  the 
same  time  to  suggest  the  lines  upon  which  further 
work  of  this  very  valuable  type  may  be  conducted. 

The  treatment  of  the  material  throughout  is  designed, 
as  far  as  possible,  to  show  the  relation  of  effects  to 
their  causes,  and  no  facts  are  given  without  expUuiA- 
tion,  with  the  exception  of  a  few  important  principles 
of  which  th  'nation  is  generally  conceded  to  be 

much  too  •.  for  the  second  year  High  School 

pupil.  In  such  eases  it  has  been  deemed  wise  to  state 
tho  principle  involved  as  clearly  and  simply  as  possible, 
without  burdening  the  pupil  with  amass  of  detailed 
theory  which  would  tax  the  powers  of  much  more 
mature  minds. 

? 
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The  laboratory  method  of  teaching  geography  has 
been  adopted  wherever  practicable  throughout  the 
book,  in  accordance  with  the  best  educational  practice 
of  the  day.  The  Preliminary  Exporimentiil  Work  pre- 
ceding the  chapters  has  been  carefully  designed  to 
elucidate  the  scientific  principles  essential  for  the  proper 
understanding  of  actual  geographical  conditions.  In 
this  way  Physical  Geography  has  been  closely  corre- 
lated with  its  contributory  sciences.  Consequently, 
the  book  serves,  not  only  as  a  self-sufficient  text-book 
in  Physical  Geography,  but  also  as  a  good  introduction 
to  the  more  detailed  scientific  studies  of  the  succeeding 
years  of  High  School  work. 

The  questions  which  follow  many  of  the  chapters 
are  suggestive  rather  than  exhaustive.  They  are 
intended  to  show  the  alert  teacher  one  of  the  most 
satisfactory  ways  in  which  the  work  of  a  chapter  may 
be  reviewed  through  the  application  of  its  principles. 

The  authors  were  assisted  in  their  work  by  Dr.  D.  E. 
Hamilton  of  the  Ontario  College  of  Education.  They 
were  also  aided  by  Prof.  C.  A.  Chant  of  the  University 
of  Toronto,  to  whom  they  are  indebted  in  general  for 
much  valuable  advice  in  connection  with  the  chapters 
on  the  Solar  System  and  the  Stars. 
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July  20Ui.  1023 
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PHYSICAL   GEOGRAPHY 
CHAPTER   I 

TXTRODUCTORY 

1.  Th«  subject -matter  of  Geography. — Geography  is 
that  science  which  deals  with  the  earth  as  the  home  of 
man.  It  paints  a  wonderful  picture  of  the  whole  world, 
with  it«  teeming  peoples,  its  varied  climes,  its  towering 
mountains,  its  fertile  plains,  its  rushing  rivers,  its  placid 
lakes,  its  stormy  seas.  It  even  reaches  out  beyond  the 
confines  of  our  world  and  adds  to  its  canvas  the  whole 
vast  tmiverse,  of  which  our  world  is  but  one  tiny  atom. 
Yet  always  is  man  the  central  figure  of  the  picture;  for 
sea  and  land  and  sky  and  stars  and  sun  are  of  interest 
to  the  student  of  geography  only  V)v  virtue  of  their  t-ffect 
upon  man  and  upon  man's  life. 

But  geography  is  not  content  with  merely  presenting 
to  us  even  so  vast  and  magnificent  a  picture  as  this.  It 
must  also  explain  the  causes  and  trace  the  effects  of  the 
various  natural  phenomena  with  which  it  deals.  It  is 
not  enough  merely  to  know  that  the  rainfall  in  southern 
Ontario  is  much  heavier  than  that  in  southern  Alberta; 
we  must  diseover  the  roMoas  for  such  phenomena  and 
examine  closely  their  effeets,  if  we  are  to  dahft  fuO 
benefit  frocn  our  geographical  studjes.  In  studying 
geography,  therefore,  we  are  studying  the  earth  with  a 
view  to  obtafaiing  a  knowledge  of  natural  phenomena, 
their  distributions,  causss.and  eonsequoioes,  especially  in 
so  far  as  sueh  knowledfB  iwiahles  us  to  ondenkand  how 
and  whv  the  eondltioos  of  human  ttfe  are  theiebj  affected. 
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When  we  ask  why  the  sky  is  blue,  or  what  causes  the 
gorgeous  colours  of  a  flaming  sunset,  or  for  what  reas<jns 
our  western  prairies  are  the  finest  wheat  lands  in  the 
world,  or  why  population  is  usually  densest  on  flood- 
plains  or  along  sea-coasts,  or  any  one  of  thousands  of 
similar  questions,  we  look  to  geographical  science  for  an 
answer. 

One  of  the  first  essentials  to  a  knowledge  of  this  most 
bnportant  science  is  an  acquaintance  -with  the  distribu- 
tion of  natural  phenomena.  We  must  know,  for  example, 
the  distribution  of  land  and  water,  of  mountains  and 
plains,  of  lakes  and  rivers,  of  winds  and  rain,  of  vege- 
tation and  animals,  of  peoples,  countries,  and  products. 
The  Public  School  Course  in  Geography  deals,  in  the 
main,  with  such  distributions.  Through  it  much  has 
been  learned  about  the  difTerent  peoples  of  the  world, 
their  countries,  and  the  natural  conditions  under  which 
they  live  and  work.  Something  has  been  learned,  too,  of 
the  causes  and  the  effects  of  the  natural  phenomena 
which  largely  determine  their  ways  of  living.  Yet  much 
remains  untouched.  It  is,  therefore,  the  purpose  of  this 
book  to  enlarge  the  knowledge  that  has  been  already 
gained,  by  a  more  intensive  study  of  certain  of  the  most 
important  phases  of  geographical  science. 

2.  The  relationship  of  geography  to  other  sciences. 
— The  science  of  geography  Ls  largely  dependent  upon 
other  branches  of  science,  making  use  of  much  of  the 
knowledge  won  by  them,  and  applying  for  its  own  pur- 
poses many  of  the  devices  originated  by  scientists  working 
toward  very  difTerent  ends.  When  we  study  the  earth 
in  relationship  to  the  rest  of  the  solar  system,  we  draw 
upon  astronomy  for  our  facts.  When  we  measure  tem- 
perature by  means  of  a  thermometer,  or  air  pressure  by 
means  of  a  barometer,  we  are  using  instruments  based 
upon  phjrsical  laws.    Chemistry  aids  the  geographer  in 
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many  ways,  as,  for  instance,  in  detemuning  the  con- 
stituents of  the  air  or  of  soils.  Geology,  which  deals 
with  the  earth's  crust,  helps  us  in  the  study  of  land  forms, 
even  when  we  are  viewing  them  from  a  purely  geograph- 
ical standpoint.  Botany,  the  science  which  deals  with 
plant  life,  and  loology,  which  takes  animal  life  for  its 
pn^once,  also  ccmtribute  to  geographical  knowledge.  In 
many  ways  these  sciences  all  play  their  part  in  helping 
the  geographer  to  solve  the  problems  of  his  particular 
6eld  of  study. 

Geography,  in  turn,  makes  its  contribution  to  other 
branches  of  knowledge.  It  is  of  great  value,  for  instance, 
in  helping  to  explain  the  course  of  historical  and  political 
events.  If  v.e  inquire  why  Britain  has  become  the 
greatest  maritime  power  of  all  time,  or  if  we  wonder  why 
Africa  has  lagged  so  far  behind  the  other  continents  in 
developing  a  high  civilization,  or  why  Montreal,  Toronto, 
and  Wiimipeg  have  grown  to  be  the  largest  cities  in 
Canada,  it  is  the  science  of  geography  that  aids  in  giving 
us  an  adequate  answer. 

3.  The  dhrlikms  of  geographical  scknce. —  The  science 
of  geography  may  be  divided,  for  the  sake  of  clearness 
of  (lc>srription  and  convenience  of  study,  into  three 
fairly  distinct  fields.  Physical  Geography  deals  with 
the  natural  features  of  the  earth  and  the  agencies 
that  modify  them.  This  branch  <^  the  subject  is  of 
the  highest  importance,  as  it  gives  the  key  to  a  real 
understandiiig  of  many  of  the  most  powerful  natural 
influences  affectnig  the  life  of  man.  The  greater  part 
of  this  book  falls  within  this  division.  If  we  inake 
man's  position  and  activities  upon  the  etrth  the  chief 
feature  of  our  study,  and  deal  lartely  with  countries  and 
peoples,  products  and  trade,  we  are  studying  PoUtioal 
and  ComuMrdal  Geography.  This  phase  of  the  fubjeet 
has  already  been  dealt  with  in  your  prerkNM  work  b 
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geography.     When  wc  confine  oureelvps  to  a  '  ra- 

tion of  the  earth  as  a  planet  and  examine  its  r>  :  ip 

to  the  various  heavenly  bodies,  especially  to  the  sun, 
we  are  studying  Astronomical,  or  Mathematical  Geog- 
raphy. This  is  the  most  difficult  phase  of  the  subject 
and  for  that  reason  its  consideration  is  reserved  for  the 
latter  part  of  this  book. 

Whether,  however,  we  are  studying  Physical  Geog- 
raphy, Political  and  Commercial  Geography,  or 
Mathematical  Geography,  our  ultimate  aim  is  always 
the  same.  All  geographical  study  aims  at  an  explanation 
of  all  those  natural  phenomena  which  together  form 
man's  environment  and  which  determine,  to  a  ver>'  large 
extent,  the  conditions  of  his  life. 

4.  The  Earth  —  general  vie^.— You  already  know 
from  your  study  of  elementary  geography  that  the  earth's 
surface  consists  of  land  and  water,  over  which  there  is  a 
layer  of  air.  You  know,  too,  that  all  the  oceans  are 
connected,  so  that  the  water  forms  a  continuous  layer, 
which,  however,  is  interrupted  in  places  by  protruding 
land.  Our  knowledge  of  the  interior  of  the  earth  is 
much  less  than  that  of  its  surface  or  of  the  air  above 
it ;  but  the  majority  of  scientists  are  now  agree<i  that 
the  interior  of  the  earth  is  a  solid  mass,  rigid  as  steel. 

We  may  say,  then,  that  the  earth  consists  of  an  un- 
known nucleus  and  three  envelopes.  The  inner  envelope, 
called  the  earth's  crust,  is  composed  of  rocks  and  soil 
and  is  of  unknown  thickness.  The  middle  envelope  is 
composed  of  water.  Although  it  is  called  an  envelope, 
it  is  not  a  complete  one,  as  it  covers  only  about  three- 
quarters  of  the  surface  of  the  earth.  The  projecting  parts 
of  the  earth's  crust  form  the  continents  and  islands, 
while  the  layer  of  water  forms  the  oceans  and  other  bodies 
of  water.  The  outer  envelope  is  gaseous.  It  is  called 
the  atmosphere.     It  forms  a  complete  layer  at  least  two 
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hundred  mileB  thick.  The  atmosphere  should  not  be 
n^K^^rdcd  as  a  separate  envelope  surrounding  the  earth, 
but  rather  as  the  outer  envelope  or  layer  of  the  earth 
itself,  fur  it  is  as  much  a  part  of  the  earth  as  are  the  rocks. 
As  the  name,  earth,  however,  is  usually  applied  to  the 
three  inner  denser  parts,  it  will  be  used  in  that  sense  in 
this  text-book.  Picture  the  earth  as  a  sphere  eight  feet 
in  diameter;  then  the  water  would  be  represented  by  a 
layer  nowhere  more  than  one-twelfth  of  an  inch  in  depth, 
and  the  atmosphere  by  a  layer  about  three  and  one-half 
inches  in  thickness.  These  envelopes  will  be  described  in 
the  following  order:  first,  the  atmosphere,  then,  the  layer 
of  water,  and,  finally,  the  earth's  crust. 

The  teacher  should  keep  in  mind  that  the  purpose  of  the 
course  in  Phj'sical  Geography  is  not  only  to  impart 
knowledge,  but  also  to  create  in  the  pupil  a  desire  to 
observe  the  features  and  phenomena  of  the  world  around 
him,  and  to  reflect  upon  them.  To  help  in  attaining  this 
purpose,  the  following  suggestions  in  Methodology  will 
be  found  useful: 

1.  The  study  of  each  topic  should  b^n  by  a  discussion 
of  facts,  relative  to  the  topic,  which  come  within  the  scope 
of  t!  '-'  ordinary'  experience,  or  by  field  work  carried 
on  a^   -„  .Ai  excursion  conducted  by  the  teacher. 

2.  Experimental  woric  should  then  be  done  to  explain 
and  amplify  the  observations  and  conclusions. 

3.  The  text-book  shoukl  then  be  read  as  a  means  of 
further  elucidating  the  topic  under  eonaideration. 

4.  The  cycle  should  be  completed  by  the  pupil  returning 
to  the  Mtudy  of  the  outoide  worid  with  powers  of  observe* 
tion  Ktnngthened  by  increaaed  knowledfe  and  made 
keener  by  ctuiosity. 


CHAPTER  IT 

THE  NATURE  AND  COMPOSITION  OF  THE 
ATMOSPHERE 

Preliminary  Experimental  Work 

(7)  To  prove  that  air  has  weight. — 

Fit  a  Florence  flask,  preferably  round-bottomed,  ^^ith  a 
one-holed  stopper,  in  which  is  a  short  piece  of  glass  tubing 
with  a  short  rubber  tube  on  the  end.  Put  half  an  inch  of 
water  in  the  flask,  reinsert  the  stopper  tightly,  and  boil 
the  water  for  five  minutes,  allowing  the  steam  to  escape 
through  the  rubber  tube.  Take  the  flame  away,  and,  at 
the  same  instant,  close  the  mouth  of  the  rubber  tube  with 
a  pinch-cock,  releasing  it  once  or  twice  during  the  first 
few  seconds  to  allow  the  excess  steam  to  escape.  Weigh 
the  flask,  stopper,  tubes,  and  pinch-cock.  WTiat  sound  is 
heard?  Explain  the  cause  of  it.  Has  the  weight  changed? 
Why? 

(2)  lb  prove  that  gases  diffuse.  — 

By  means  of  an  atomizer  spray  some  strong  perfume 
into  the  air  at  one  end  of  the  class-room.  I^t  each  pupil 
indicate  the  moment  when  the  odour  is  perceptible. 
In  this  way  note  the  rate  at  which  the  perfume  traverses 
the  room.  While  this  experiment  is  l)oing  performed,  all 
doors,  windows,  and  ventilators  should  be  closed,  to 
prevent  draughts. 

(S)   To  show  the  buoyanc}/  of  air. — 

Inflate  a  toy  balloon  with  coal  gas,  natural  gas,  or 
hydrogen  ;  tie  the  neck  tightly  with  fine  silk  thread,  and 
release  the  balloon.     In  what  direction  does  it  move? 
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In  wh  '  ion  would  it  move  if  the  air  were  r^hiHUrtH 

from  ti  '   i      ii? 

(4)  To  illustrate  the  detuUy  of  tubstaneea. — 

Find  the  dimensions  of  a  rect&ngular  block  of  wood. 
Calculate  its  volume.  Weigh  the  block.  Calculate  the 
weight  of  one  cubic  centimetre  of  the  wood.  Weigh  a 
beaker.  Pour  into  it  an  exact  volume  of  water  measured 
in  .  !uate,  and  weigh.  Find  the  weight  of  one  cubic 
f  -'  of  water.     What  is  the  relation  between  the 

weight  of  a  cubic  centimetre  of  wood  and  that  of  a  cubic 
centimetre  of  water? 

(o)  To  prepare  and  test  oxygen. — 

Into  a  hard-glass  test-tube  put  a  heaping  teaspoonful 
of  a  mixture  of  three  parts  of  potassium  chlorate  and  one 
part  of  numguieee  dioxide.  Heat  the  mixture  carefully. 
Light  one  end  of  a  inece  of  string  and  lower  the  glowing  tip 
into  the  test-tube.  What  difference  is  there  between  the 
action  of  a  gl< •  in  air  and  in  the  gas  coming  off 

from  the  mixt \.       ■  >t-tube? 

{6)  To  prepare  nitrogen. — 

Smear  the  inside  of  a  test-tube  or  a  gu-bottle  with 
moistened  iron  filings  and  place  it  mouth  down  in  water. 
Leave  in  a  warm  (dace  for  several  days,  and  note  the 
hanges.    Make  the  levels  inside  and  outside  the  bottles 
the  same.    C<  '     mouth  tightly  with  a  oover-^MB, 

remove  the  \-  nd  place  it  upright  on  the  table. 

After  inserting  a  burning  splint  into  the  bottle,  and  obeerv- 
mg  the  result,  ineMure  the  volume  of  water  in  the  bottle, 
and  also  the  total  voluroe  of  the  bottle.  What  fraetioo 
of  the  volume  of  the  air  was  absorbed  by  the  filings? 
How  does  the  gM  not  absorbed  by  filin^i  differ  from  aarT 

V ' )  To  prtpon  eotvoti  duunde.-^ 
Put  soflM  marble  chips  mto  a  Florenoe  flask,  fitted  with 
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a  stopper,  thistlMube,  and  doliverj'  tube,  as  in  Fipirc  1. 
Through  the  thistlo-tube  add  water  to  cover  the  chipe,^ 
then  hydrocloric  acid  till  the  bubbles  come  freely.    Pass 


Fig.  l.'—'PnpmnMoa  of  oarboii  dlozlda 
F.  Flask  eontainiag  baldnc^oda  and  vlnesar 
H.  Bottle  In  which  carbon  diozkis  Is  collected 


through  lime-water  the  gas  that  comes  from  the  delivery 
tube.  What  is  the  effect  of  this  gas  upon  the  lime-water? 
Collect  over  water  two  jars  of  this  gas.  After  remov- 
ing them  from  the  water,  hold  one  with  the  mouth  up, 
the  other  with  the  mouth  do\\'n,  for  two  minutes.  Then 
put  a  little  lime-water  in  each  jar  and  shake.  Which 
jar  contains  the  greater  quantity  of  carbon  dioxide?  Is 
this  gas  heavier  or  lighter  than  air? 

(8)    To  illtutrate  (a)  reflection  of  light,  (h)  refraction  of  light, 
(c)  the  spectrum. — 

Let  a  beam  of  sunlight  enter  a  darkened  room  through 
a  narrow  slit  in  a  blind.  Make  its  path  visiblo  by  putting 
chalk^ust  in  the  air.    Trace  its  path. 

(a)  Place  an  inclined  mirror  in  its  path.  Wiiat  effect 
has  the  mirror  on  tho  diroction  of  tlio  beam  of  light? 
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(/>)  By  meAiiB  of  a  mirror  reflect  the  beam  obliquely 
into  a  rectangular  vessel  of  water.  What  change  ol 
direction  takes  place  as  the  beam  enters  the  water? 

( c)  Place  in  the  path  of  the  beam  a  triangular  glass 
prism  and  receive  on  a  screen  the  beam  after  it  has  passed 
through  the  prism.  Notice  the  effect  of  the  prism  on 
the  direction,  the  width,  and  the  colour  of  the  beam. 
Name  the  colours  in  the  order  in  which  they  appear  on 
the  screen.  What  colour  is  nearest  to  the  original  path 
of  the  beam?     What  one  is  farthest  awayT 

(P)  To  thaw  the  ifftd  of  tmail  pariida  on  UghL  — 

Arrange  apparatus  as  in  Figure  2.  The  glass  vessel 
contains  a  clear  solution  of  sodium  thiosulphate.  A 
beam  of  light  A  from  the  lantern  E  passes  through  the 
water  L  and  is  received  as  a  bright  circle  of  light  in 
the  mirror   A'.       The   mirror  is  so   inclined   that   the 


t%€  a  — Ap[»r»ti«  to  UlilraH  th*  Ma*  eoloor  of  th*  rfty 


bright  circle  of  light  /^  can  be  obterved  by  the  pupils. 
When  the  room  is  darkened,  obeerve  the  colours  of  the 
beam  of  light  in  the  water  and  of  the  bright  circle  of 
light  in  the  mirror.  Then  pour  a  few  cubic  oentimetrei 
of  sulphuric  acid  into  the  Mlutkm  and  ftar  the  mbcture 
thoroughly.  Obeerve  the  changes  in  colour  of  the  beam 
of  light  as  it  pames  through  the  liquid,  and  also  the 
changes  in  colour  of  the  bright  circle  in  the  mirror. 
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{JO)    7b  show  the  radiant  eneryy  of  the  tun. — 

Place  a  radiometer  in  bright  sunlight.  In  which 
direction  does  it  turn?  Which  side  of  each  vane  wanna 
more  quickly?  What  effect  has  this  warmed  surface 
upon  the  adjacent  air?  On  which  side  does  the  air  exert 
the  greater  pressure?  What  is  the  source  of  the  energy 
that  causes  the  rotation  of  the  vane? 

Thb  Nature  and  Composition  of  thk  Atmosphere 

5.  The  importance  of  the  atmosphere. —  The  air  we 
breathe,  just  as  the  land  beneath  our  feet,  is  such  a 
commonplace  of  our  existence  that  ordinarily  we  scarcely 
give  it  a  thought,  much  less  realize  fully  how  essential, 
in  fact,  how  all-important  is  the  atmosphere  to  life  upon 
the  earth.  We  know,  of  course,  that  all  plants  and 
animals  require  air  in  order  to  live;  without  it  even  the 
fish  deep  down  beneath  the  surface  of  the  ocean  would 
die.  But  that  is  not  all  the  story.  If  it  were  not  for 
the  protecting  blanket  of  the  atmosphere  covering  the 
surface  of  the  earth,  the  heat  of  the  sun's  rays  would 
be  so  intense  by  day  that  life  would  be  impossible,  while 
by  night  the  heat  would  radiate  so  rapidly  into  space 
from  the  earth's  surface  that  soon  after  sunset  the  cold 
would  be  more  biting  than  that  of  an  Arctic  winter. 
There  would  be  no  clouds,  no  rain,  no  snow;  no  nmning 
water  carving  the  land  into  beautiful  hills  and  valleys; 
no  winds  to  drive  before  them  the  white-crested  waves; 
no  sound  to  break  the  utter  silence  of  the  horrible,  dreary 
waste  of  lifeless,  motionless  matter  which  then  our  world 
would  be. 

6.  The  height  of  the  atmosphere— The  air,  like  all 
gases,  has  weight  and  is  dra\\'n  toward  the  earth,  but  it 
also  tends  to  diffuse  outward  so  as  to  occupy  empty  space. 
While  the  atmosphere  has  probably  no  definite  outer 
Umiting  boundary,  it  becomes  so  diffuse  beyond  a  height 
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of  two  hundred  miles  m  to  be  difficult  to  detect.  Men  in 
balloonB  have  —cended  more  than  eight  miles,  and 
balloons  without  occupants  about  twenty-four;  there- 
fore even  at  these  heights  the  air  must  be  dense  e&ou^ 
to  buoy  up  ooosidermble  weights.  The  phenomenoo  of 
twilight  indicates  that  the  air  extends  to  a  height  of  at 
least  forty-five  miles;  for  this  phenomenon  is  due  to  the 
air  at  that  devaUoo  reflecting  the  light  from  the  sun 
below  the  horizon.  The  phenomena  of  meteors  prove 
that  the  atmosphere  extends  to  a  still  greater  height. 
Such  bodies  become  visible  only  when  the  friction  due 
to  their  swift  motion  through  the  air  makes  them  red- 
hot.  It  is  possible  from  the  data  obtained  by  careful 
observation  of  such  meteors  to  calculate  their  altitude, 
and  it  has  thus  been  found  that  at  an  elevation  of  one 
hundred  miles  or  more  the  air  still  exerts  enough  friction 
on  a  meteor  to  make  it  ^ow.  The  aurora  borealis,  or 
north(>m  lights,  is  supposed  to  be  caused  by  the  action 
of  electricity  on  very  rarefied  air.  Since  the  aurora  is 
seen  frequently  at  a  height  of  over  two  hundred  miles, 
it  is  probable  that  air  in  a  very  rarefied  state  extends  to 
that  great  altitude.  Nevertheless,  almost  half  of  the 
total  mass  of  air  lies  below  a  height  of  three  and  a  half 
miles,  and  more  than  three-fourths  of  it  below  seVen 
miles. 

7.  The  compositioo  of  air. — The  air,  eseept  at  girsai 
altitudes,  is  composed  chiefly  of  three  gases  oxygen, 
nitrogen,  and  argon.  About  four-fifths  of  the  volume 
of  the  air  is  nitrogen,  afanost  one-fifth  is  oiqrgen,  and 
slightly  less  than  one  per  cent  is  argon.  Berides  these 
components,  there  is  always  present  a  small  amount  of 
earbon  dioxide  and  an  amount  of  water  vapour  that 
varies  greatly  at  different  times  and  places.  There  are 
also  some  minor  components,  soeb  as  ammonia,  nitrie 
aeid,  and  onne.    The  eomposKkai  of  the  air  varies  little 
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near  the  surface  of  the  earth.  At  great  altitudes,  the 
heavier  gases,  such  as  oxygen,  nitrogen,  and  argon,  are 
largely  replaced  by  the  lighter  gases,  such  as  hydrogen 
and  helium,  which  are  absent  from  the  lower  air. 

Figure  3  illustrates  in  a  general  way  the  variation  in 
composition  with  height. 
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Fig.  3. — Diagram  abowing  the  composition  of  the  air 

The  Components  op  the  Aib 

8.  Oxygen. —  Oxygen  is  the  most  important  com- 
ponent of  the  air.  All  plants  and  animals  require  it  in 
order  to  maintain  life.  Were  it  not  for  the  oxygen  in  the 
air,  fire,  in  the  ordinary  sense  of  the  word,  would  be 
impossible,  as  its  presence  is  necessary  for  ordinary 
combustion.  Oxygen  promotes  the  decay  of  plants 
and   ftnimala   and   thus   prevents   their   remains    from 
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tting  GO  the  land  and  in  the  water.  Again,  the 
of  caygien  is  necessary  for  the  decom[)osiiion 
ol  rooks  and  for  their  conversion  into  soil.  It  might  be 
*'  ''  that  all  these  processes,  continually  using  vast 
><s  of  oxygen,  would  lead  to  a  diminution  of  the 
amount  of  this  gas  in  the  air.  The  loss  is  balanced, 
however,  by  the  addition  of  ox>''gen  to  the  air  as  a  result 
of  other  processes.  All  gn^n  plants  in  the  presence  of 
siwlight  give  off  oxygen;  and  since  the  amount  of  vege- 
tation upon  the  earth's  surface  is  enormous,  the  quantity 
of  oxygen  ad(le<l  in  this  way  to  the  air  is  also  very  great. 
A  small  quantity  of  oxj'gen  is  also  added  to  the  air  from 
the  earth's  crust  by  changes  taking  place  in  certain  rocks 
and  through  volcanic  vents. 

9.  Nitrogen. — An  atmosphere  of  pure,  undiluted  oxygen 
would  destroy  animal  life  just  as  surely,  though  not  as 
quickly,  as  an  atmosphere  lacking  it  entirely.  Pure 
ox>'gen,  if  taken  into  our  lungs,  would  stimulate  our 
botlies  to  such  a  degree  that  we  should  almost  literally 
"  hum  up  "  in  a  short  time.  The  nitrogen  in  the  air, 
while  having  no  direct  effect  upon  animal  life,  serves  very 
effectually  to  dilute  the  oxygen  to  such  an  extent  that  it 
does  not  over-stimulate.  The  nitrogen  in  the  air  has 
abw)  little  direct  effect  upon  plant  life,  for,  although  all 
plants  require  foixi  containing  nitrogen,  only  a  few  of 
the  lowest  t>TX'  can  u-se  the  free  nitrogen  of  the  air  for 
this  purpose.  .\tmo«pheric  nitrogen  must  first  be  ocm- 
verted  by  various  agents  into  new  products,  befora  it 
can  be  utilised  by  the  higher  plants. 

10.  Carbon  dioxide.  -  Although  carbon  dioxide  is  pres- 
ent in  thr  air  in  very  small  quantities,  constituting,  as 
it  diH-^,  (.Illy  three  parts  in  ten  thousand,  it  plays  an 
imfMirtant  role.  Almost  all  vegetable  life  depends  upoo 
it  for  foo<l  and  extracts  it  continually  from  the  air  for 
this  purprMu>.    At  the  same  time,  as  respiratko,  com- 
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bustion,  and  decay  are  continually  adding  large  quantities 
of  it  to  the  air,  the  quantity  of  this  gas  in  the  air  does 
not  change  much  from  time  to  time.  Moreover,  as  we 
shall  see  later  (Sec.  22),  the  carbon  dioxide  serves  as  a 
screen  by  day  to  protect  the  earth  from  the  full  intensity 
of  the  sun's  rays,  and  as  a  blanket  by  night  to  prevent 
the  heat  which  has  been  absorbed  by  the  earth's  surface 
from  escaping  into  space. 

1 1 .  "Water  vapour. — Water  vapour  is  confined  entirely 
to  the  lower  layers  of  the  atmosphere  (Fig.  3)  and  is 
very  variable  in  quantity.  Nevertheless,  it  is  an  im- 
portant comp)onent  of  the  air,  for  without  it  there  could 
be  no  clouds,  rain,  snow,  or  dew.  Like  carbon  dioxide 
(Sec.  22),  it  serves  both  as  a  screen  to  cut  off  the  sun's 
rays  and  as  a  blanket  to  prevent  the  radiation  of  heat 
from  the  surface  of  the  earth. 

12.  Dust. — Dust  may  be  regarded  as  an  impurity  of 
the  air,  yet  it  is  present  in  all  parts  of  the  lower  atmosphere. 
Dust  particles  are  not  numerous  above  the  sea  or  above 
snow-capped  mountain  tops,  but  in  the  air  of  cities  there 
are  hundreds  of  thousands  of  such  particles  in  a  single 
cubic  centimetre.  Dust  is  composed  partly  of  rock 
particles  raised  from  the  dry  earth  by  the  wind,  partly 
of  meteoric  dust,  partly  of  the  pollen  and  spores  of 
plants,  partly  of  the  salt  from  evaporated  sea-spray, 
and  partly  of  smoke.  The  last  is  the  chief  source  of 
dust.  The  number  of  particles  poured  into  the  air  from 
chimneys  is  beyond  calculation.  It  has  been  estimated 
that  one  puff  of  smoke  from  a  cigarette  contains  four 
thousand  million  dust  particles. 

It  might  be  supposed  that  the  dust  in  the  air  is  nothing 
but  a  nuisance,  but  such  is  not  the  case.  If,  by  some 
miracle,  every  particle  of  dust  were  suddenly  removed 
from  the  atmosphere,  we  would  notice  great  changes. 
The  blue  sky  would  appear  much  darker  than  it  is  at 
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pnaent,  becatiae  air  particlee  only  would  then  scatter  the 
li^t ;  the  goiseous  colours  of  sunriae  and  sunset  would  be 
absent,  and  many  other  phenonoena  that  give  beauty  and 
variety  to  the  sky  woul4  be  missing.  Dust  particles  also 
play  a  great  part  in  the  formation  of  clouds  and  rain-drops, 
as  the  m<M8ture  in  clouds  condenses  about  them.  Almost 
every  rain-drop  has  a  dust  particle  as  a  nudeos. 

There  is  in  the  dust  of  the  air  much  organic  matter, 
ocxnposed  largely  of  the  spores  of  bacteria  and  other 
fungi.  While  some  of  the  bacteria  cause  disease,  most  of 
them  perform  useful  functions.  Certain  ones  give  the 
characteristic  flavours  to  cheese,  butter,  and  other  im- 
portant food  products.  Others  convert  the  nitrogen  of 
the  air  into  substances  that  can  be  utilised  as  food  by 
the  higher  ]^ants,  while  others,  by  promotmg  decay, 
clear  away  plant  and  animal  refuse  from  land  and  water. 
In  the  spring  and  summer  there  is  much  pollen  dust  in 
the  air.  This  is  of  great  importance,  as  the  seeds  of 
many  of  our  most  essentiul  f(M)d-pIant8  are  produced 
through  wind  fertilization 

Thc  Colours  of  thx  Sky 

13.  The  nature  of  thc  sun's  light.— When  a  pebble  is 
droppe<l  into  water,  a  series  (rf  waves  moves  out  troa 
the  |K)int  at  which  it  strikes  the  water.  These  waves 
move  forward  in  every  direction  in  circles  (tf  increasing 
sise  until  they  strike  the  shore.  The  distance  between 
two  successive  wave-eresto  is  called  the  length  of  the 
wave.  When  a  handful  of  pebbles  of  various  siaes  Is 
thrown  into  the  water,  each  pebble  produces  a  series  of 
waves.  8<»ie  of  the  pebbles,  however,  cause  lonfsr  and 
higher  waves  than  others.  Consequently,  there  are 
waves  of  varsrbg  lengths  moving  forward  simuhaneoiii^ 
in  cirdes. 

Filling  all  space  there  is  suppossd  to  be  a  "M^^fm 
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called  ether,  and  through  this  medium  waves  spread  out 
from  the  sun  very  much  as  the  waves  spread  out  from 
the  pebbles  dropped  into  water.  The  waves  fn)m  the 
sun  differ,  however,  from  those  on  the  water  in  two 
important  respects,  bince  they  move  forward,  not  in 
circles,  hut  in  spheres,  and  since  they  are  not  of  few 
wave-lengths,  but  of  very  many,  ranging  from  very  long 
to  exceedingly  short  ones. 

When  water-waves  strike  the  beach,  they  often  have 
sufficient  force  to  move  sand  and  pebbles  for  a  con- 
siderable distance  higher  up  the  shore.  Thus  the  water- 
wave  can  overcome  resistance  and  perform  work.  When 
a  person  or  an  object  overcomes  resistance,  we  say  that 
he  or  it  has  energy.  A  moving  stone,  a  current  of  elec- 
tricity, and  a  boiler  full  of  steam  are  all  able  to  overcome 
resistance,  and,  therefore,  possess  energy. 

Although  the  waves  from  the  sun  cannot  directly  move 
pebbles  or  similar  objects,  they  can  protluce  motion  in 
certain  bodies  and  can  be  converted  into  light,  beat,  and 
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Pig.  4. — Tbe  brealdns  of  white  light  into  Its  ooloun 


other  forms  of  energy.    The  waves  from  the  sun  we  call 
radi(Uioiw,  and  their  energy,  radiant  energy. 

If  certain   of  these   radiations    enter  the  eye,   they 
produce  a  sensation  of  colour.     If  a  narrow  beam  of 
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sunlight  is  paased  through  a  triangular  glass  prism 
(Fig.  4),  a  remarkable  change  takes  place.  The  beam 
bends  from  the  line  in  which  it  has  been  travelling,  and 
some  parts  of  it  bend  more  than  others.  As  a  result, 
the  b«un  beoomee  wider,  and  if  the  widened  beam  is 
received  on  a  screen,  it  fcuins  a  coloured  band  of  light. 
This  band,  called  a  gprdrvm,  is  composed  of  the  colours 
of  the  rainbow — red,  orange,  yellow,  green,  blue,  and 
violet.  The  glass  triangle  has  separated  the  radiatiooa 
by  bending  or  refracting  some  more  than  others.  The 
coloured  band  (Fig.  4)  shows  that  the  least  refracted 
waves  produce  the  colour  red,  those  most  refracted 
produce  violet.  The  waves  producing  the  red  light  are 
the  longest,  those  producing  the  violet  the  shortest,  and 
the  length   of   the  _iA 

waves  producing 
the  other  colours 
are  in  the  order  in 
which  these  colours 
stand  in  the  spec- 
trum. Hence  it  is 
clear  that,  the 
lunger  the  waves, 
the  less  they  are 
refracted  in  passing 
through  the  prism. 
14.  The  blue  of 
the  sky.  If  th«- 
colour  of  tin-  .sky  Lh 
observed  during  the 
day  whfn  the  air  i« 
clear  and  cloudlets  and  the  sun  Is  high,  it  will  be  noticed 
that  it  i.M  (i(>ep  blue  ovorfaead,  but  becomee  whiter  toward 
the  horison  and  also  toward  the  mm.  It  was  at  ooe 
time  thought  that  the  blue  of  the  sky  was  due  to  the 
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colour  of  the  fi^ases  that  compose  the  air.  But  it  can  be 
easily  shown  that  the  air  is  not  blue  in  colour.  The 
depth  of  air  in  a  line  drawTi  horizontally  from  a  pven 
place  to  the  outer  limit  of  the  atmosphere  is  much 
greater  than  in  a  line  drawn  to  the  zenith  (Fig.  5),  and 
if  the  air  itself  is  blue,  the  colour  of  the  sky  near  the 
horizon  should  be  a  deeper  blue  than  near  the  zenith. 
But  the  reverse  of  this  is  true. 

Water-waves  are  affected  in  one  of  two  ways  when 
they  meet  obstacles.  If  the  obstacle  is  small  as  com- 
pared with  the  wave,  the  wave  flows  around  the  obstacle 
and  continues  on  its  way  almost  unaffected.  If  the 
obstacle  is  somewhat  larger  than  the  wave,  the  wave, 
instead  of  passing  on,  may  be  reflected  and  scattered. 
The  waves  of  the  sun  are  similarly  affected  by  dust 
particles  in  the  air.  The  shorter  waves  (green,  blue, 
and  violet)  are  scattered  for  the  most  part,  and  only  a 
small  portion  passes  onward,  while  the  longer  waves  (red, 
orange,  and  yellow)  continue  their  course  in  almost  full 
strength.  If  the  sun's  light  is  passed  through  a  vessel  of 
water  containing  very  fine  particles  in  suspension  (Fig.  2), 
the  water,  when  viewed  from  the  side,  appears  light  blue, 
owing  to  the  scattering  of  these  rays  by  the  particles,  while 
the  source  of  light,  when  viewed  through  the  water, 
appears  yellow,  orange,  or  red,  according  to  the  extent  of 
the  scattering  of  the  shorter  waves.  Similarly,  the  short 
waves  of  the  sunlight  are  scattered  by  the  dust  particles 
in  the  air,  and  by  the  particles  of  the  air  themselves,  and 
these  scattered  waves  make  the  sky  appear  blue. 

15.  The  sunset  colours.  —  Let  us  now  recall  tht 
appearance  of  the  sky  as  the  sun  is  setting  on  a  cloudless 
afternoon.  As  the  sun  approaches  the  horizon,  the  western 
sky  glows  with  brilliant  colours,  which  persist  after  the 
Sim  has  set  and  only  fade  away  in  the  twilight.  Near 
the  Sim,  at  the  centre  of  the  sunset  arch,  the  colour  of  the 
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sky  is  silver,  while  a  short  distance  from  the  centre  the 
colour  is  a  glowing  yellow.  Farther  still  from  the  centre 
the  colour  is  a  delicate  pink  or  purple  rose,  which  gradu- 
ally merges  into  the  blue  of  the  sky.  The  arch  flattens 
out  and  is  greatly  prolonged  north  and  south  near  the 
horixon.  As  the  twilight  advances,  the  colours  grow 
fainter  and  become  more  sufTuse<l  with  red,  and  the 
margins  oi  any  clouds  in  the  vicinity  are  edged  with  the 
same  brilliant  tint.  The  eastern  horizon  shows  an  arch  oi 
the  same  colours  as  those  in  the  west,  but  much  fainter. 
As  the  sun  sinks,  the  eastern  arch  rises,  but  as  it  does  so, 
beotnnes  very  faint  and  soon  disappears.  Since  the  sim 
loses  its  brilliancy  as  it  approaches  the  horizon,  the  eye 
can  then  look  at  it  directly.  It  takes  on  the  same  series 
of  colours  as  the  adjacent  sky  and  finally  sets  as  a  crimson 
sphere. 

Figure  5  shows  that,  in  order  to  reach  the  earth,  the  rays 
of  sunlight  must  penetrate  a  greater  depth  of  air  when  the 
sun  is  near  the  horizon  than  when  it  is  high  in  the  sky. 
In  fact,  the  rays  from  the  setting  sun  penetrate  a  stratum 
of  the  air  thirty-five  times  as  deep  as  that  penetrated  by 
the  vertical  rays  from  the  sun  at  noon.  Moreover,  a 
great  part  of  the  stratum  of  air  through  which  the 
horisootal  rays  pan  is  near  the  surface  of  the  earth,  and, 
consequently,  contains  many  more  dust  particles  than 
does  the  purer,  upper  air.  Since  the  light  coming  from 
the  setting  mm  and  the  adjacent  part*  of  the  sky  has  its 
short  waves  aknoet  completely  Mattered  by  this  thiek 
stratum  of  dusty  air,  only  the  long  waves  (ehiefly  rsd, 
orange,  and  yellow)  reach  the  esre.  Consequently,  the 
sun  and  the  sky  in  its  vicinity  show  these  brilliant 
colours  at  sunset. 

16.  The  transpsreocT  of  the  air.— The  traiMparen^ 
of  the  air  varies  greatly  both  in  different  bealitiea  and 
from  day  to  day  in  the  same  loeality.    In  the  eitiea  tha 
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transparoncy  is  much  lefls  than  in  the  country,  while  it  is 
greatost  over  the  ocean  and  in  the  polar  regions.  It  haa 
been  shown  within  recent  years  that  the  transparency  of 
the  air  depends  upon  the  size  and  the  numl)er  of  the  dust 
particles  between  the  eye  and  the  object,  and  upon  the 
humidity  of  the  air.  Although  the  number  of  dust 
particles  in  the  air  may  be  the  same  on  two  successive  days, 
the  range  of  visibility  may  be  markedly  different.  The 
drier  the  air,  the  greater  is  the  range.  This  fact  is  ex- 
plained as  follows  :  All  objects,  including  dust  particles, 
are  surrounded  by  thin  films  of  water.  When  the  air  is 
humid,  the  film  of  water  is  thicker  than  when  the  air  is 
dry.  Consequently,  each  dust  particle  in  the  air  is  a 
greater  impediment  to  the  light  in  humid  weather  than  in 
dry,  and  thus  the  transparency  of  the  air  is  lessened. 

Practical  Exercises 

The  composhton  of  the  air  at  different  altitudes. — After 
studjnng  P'igure  3  answer  the  following  questions  :  What 
are  the  five  components  of  the  air  at  the  surface  of  the 
earth  ?  Which  is  the  first  component  to  disappear  as 
the  altitude  increases?  At  what  altitude  does  water 
vapour  disappear  from  the  air  ?  What,  therefore,  is  the 
greatest  altitude  at  which  clouds  will  usually  be  found  ? 
Leaving  out  of  consideration  the  water  vapour,  the 
amount  of  which  is  very  variable,  to  what  altitude  does 
the  composition  of  the  air  remain  ahnost  constant  ? 
State  the  change  in  the  composition  of  the  air  between 
the  altitude  of  seven  and  that  of  twenty  miles.  State  at 
what  altitude  each  comfMnent  ap()ears  and  at  what 
altitude  it  disappears.  What  changes  in  the  composition 
of  the  air  are  to  be  observed  between  the  surface  of  the 
earth  and  an  altitude  of  eighty  miles  ? 

The  colours  of  the  sky. — When  the  sun  is  high  above 
the  horizon  on  a  clear  and  cloudless   dav.  observe  the 
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colours  of  tho  sky  and  record  answers  to  the  following 
questions:  What  is  the  colour  of  the  gfreater  part  of  the 
sky  ?  What  is  the  colour  of  the  sun  ?  What  is  the 
colour  of  the  sky  near  the  horiion  ?  What  is 
the  colour  of  the  sky  near  the  sun  ?  On  an  evening 
when  the  sky  is  cloudless,  observe  from  an  elevated 
jxxsition  the  sunset  colours.  Notice  the  different 
colours  the  sun  assumes  as  it  approaches  the  horizon. 
Describe  the  different  colours  of  the  part  of  the  sky  near 
the  sun.  What  is  the  shape  and  what  the  size  of  the 
brillianth'  coloured  region  around  the  setting  sun  ? 
How  far  north  and  south  does  the  brilliantly  coloured 
ropicn  near  the  sun  extend  ?  Observe  the  changes  in  the 
«^  unset  colours  until  they  fade  in  the  darkness.  Describe 
t  he  »unset  colours  near  the  eastern  horizon.  In  a  similar 
nuuiner  describe  the  sunrise  colours. 

Sometimes  a  ring  is  seen  around  the  sun  or  the  moon. 
\\Tien  !»uch  a  ring  is  present,  notice  whether  it  is  partly 
coloured,  whether  the  colour  is  on  the  outside  or  on  the 
imtide  of  the  ring,  what  distance  the  ring  is  from  the  sim 
or  the  moon,  and  whether,  at  the  time  the  ring  is  seen,  the 
sky  is  clear,  hazy,  or  cloudy. 

QUK8TION8    AND    PROBLEMS 

1.  Why  does  the  mm  look  reddish  when  the  tur  ii  amoky  ? 

2.  Sioee  dust  partiolee  are  aolids,  they  are  much  heavier  than 
the  air.     Why  are  they  able  to  float  about  in  the  air  ? 

3.  If  a  thoroughly  dueted  room  is  left  elosed  for  a  long  tima, 
when  it  is  opened  the  furniture  in  found  oovered  with  dust 
Rxplain  the  aooroe  of  the  dust. 

1  Why  doe*  a  mountain  dimber  rsquire  to  brsathe  faster 
lim  Uiglier  be  aeoends  ? 

5.  After  the  eruption  of  Krakatoa  had  hurled  large  quantitiea 
of  voleank)  dost  into  the  upper  air.  brilliant  snneeU  mm 
ob«rved  for  many  months  all  around  tha  world.  Itphhi 
this 
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THE  HEATING  OF  THE  ATMOSPHERE 

Prkliminaby  Expbrimbntal  Work 

(i)    7b  compare  the  capacity  for  heai  of  larul  with  that  of 
water. — 

(rt)  Into  one  beaker  put  250  g.  of  dry  earth  and  into 
another  250  g.  of  water  and  raise  the  tein|)erature  of 
each  to  the  boiling-point.  For  this  purpose  the  beaker 
containing  the  earth  should  be  covered  with  a  piece  of 
cardboard  and  left  partially  immersed  in  boiling  water 
until  the  desired  temperature  is  reached.  The  beaker 
of  water  can  be  directly  heated  to  the  boiling-point  by  a 
Bunsen  burner  or  an  alcohol  lamp.  While  the  two 
beakers  are  being  heated,  measure  into  each  of  two  large 
tumblers  250  c.c.  of  water  at  tho  temporatiire  of  the 
room.  Pour  the  hot  earth  into  one  tumbler,  the  boiling 
water  into  the  other,  stir  both,  and  note  the  tempera- 
tures to  which  the  mixtures  rise.  Which  mixture  reaches 
the  higher  temperature  ?  Which  gave  out  the  more 
heat  in  cooling,  the  hot  earth  or  the  hot  water  ?  Does 
the  land  or  the  water  give  out  more  heat  as  it  cools 
during  the  autumn  and  the  winter? 

(6)  Into  one  beaker  put  250  g.  of  dry  earth,  into 
another  250  g.  of  water,  and  allow  both  to  stand  until 
they  reach  the  temperature  of  the  room.  To  each  add 
250  c.c.  of  boiling  water  and  stir.  Note  the  highest 
temperature  to  which  each  mixture  rises.  Which  reaches 
the  higher  temperature?  Did  both  receive  the  same 
amount  of  heat  ?  Which  requires  more  heat  to  raise  its 
temperature  one  degree  ?  Which  probably  warms  more 
quickly  in  the  spring,  land  or  water  7 
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(i)  To  compart  the  mfM  qf  htaiing  and  of  cooling  of  land 
and  of  xcater. — 

Place  side  by  side  on  a  table  two  ainilar  beakere,  one 
containing  a  quantity  of  fine,  dry  soil,  and  the  other  an 
oqual  quantity  of  water.  These  substances  should  be  at 
the  same  temperature.  By  means  of  a  mirror,  cause  the 
rays  <^  a  projection  lantern  or  of  the  sun  to  be  reflected  on 
the  surface  of  the  soil  and  water.  Take  the  temperature 
at  the  surface  of  each  substance.  Wliich  grows  warm  the 
more  quickly? 

Apply  the  results  of  the  above  experiment  to  explain 
why  the  sand  on  a  beach  feels  colder  than  the  water  in 
the  eariy  morning,  whereas  in  the  afternoon  the  sand 
feels  wanna*  than  the  water. 
(3)  7b  ilUuiraU  abtorption  and  r^eetUm  of  nuiierfsoiM. — 

Hold  the  bulb  of  a  thermometer  in  the  smoke  over  the 
flame  of  burning  turpentine  until  it  becomes  covered  with 
soot.  When  this  thermometer  has  cooled  to  the  tern- 
perature  of  the  room,  hold  it  and  another  thermometer, 
which  has  not  been  so  treated,  in  bright  sunlight.  Read 
the  temperatiu^  of  each  every  minute  until  the  mercury 
cesses  to  rise.  Which  absorbs  heat  more  rapidly,  the 
bright  bulb  or  the  black  one?  Which  absorbs  heat  more 
readily,  a  (<im(K)th,  bright  surface  or  a  dull,  black  surface? 

17.  Importance  of  temperature.— We  have  already 
learned  from  the  study  of  elementary  feography  that 
the  atmosphere  is  not  heated  to  an  even  temperature  all 
over  the  earth.  As  we  pa«  from  the  torrid  aone  south- 
ward or  northward,  the  averafe  temperature  of  the 
atmosphere  becomes  lower  as  we  approach  either  pole. 
As  the  average  temperature  changes,  so  also  plant  and 
animal  life  changea;  we  do  not  find  tropical  pabna  in 
the  Arctic  regkms  er  polar  bean  in  the  torrid  nine.  Wo 
may  say,  therefore,  that  the  diftributioo  ol  plants  and 
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animals  on  the  earth  is  partly  determined  by  the  distri- 
bution of  temperatures,  since  each  species  of  plant  and 
animal  is  able  to  live  only  in  localities  where  the  range  of 
temperature  is  suited  to  its  needs.  The  occupations  of 
mankind,  too,  are  determined  to  some  extent  by  conditions 
of  temperature.  The  Eskimo,  for  instance,  is  forced  to  hunt 
or  to  fish  for  his  daily  food,  as  the  average  temperature  of 
the  far  north  is  too  low  to  permit  the  growth  of  food- 
plants.  Again,  all  motions  of  the  air,  with  their  accom- 
panying phenomena  of  winds,  clouds,  rain,  and  snow,  are 
caused  primarily  by  changes  of  temperature.  Obviously, 
a  knowledge  of  the  heating  of  the  atmosphere  is  of  the 
first  importance  to  the  student  of  geography. 

18.  The  thermometer.— The  mercury  thermometer  is 
made  in  the  following  way  :  A  bulb  is  blown  at  one  end 
of  a  piece  of  thick-walled  glass  tubing  of  small,  uniform 
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Fig.  6  *. — A  maximum  thermometer 
(M  used  in  the  Meteorolaflleal  ^ 


I  IOmeter 


Pig.  6  c. — A  minimum  thermometer 
(aa  used  in  tbe  Mptenroiosieal  Senrloe) 


bore.  Bulb  and  tube  are  filled  with  mercury  at  a  tem- 
perature slightly  above  the  highest  temperature  for 
which  the  thermometer  is  to  be  used,  and  the  tube  is 
sealed  in  a  hot  flame.     As  the  mercury  cools,  it  contracts 
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and  fallsaway  fruin  um-  io]i«ii  nu-  tube,  leaving  a  vacuum 
above  it.  Alcohol  may  be  subetituted  for  mercury, 
(traduatioos  showing  the  temperature  are  placed  on  the 
f>ore  of  the  tube  or  on  a  metallic  scale  behind  the  tube. 
rhe  Faiirenheit  scale  is  generally  used  in  measuring  the 
temperature  of  the  air.  On  this  scale  the  melting-point 
of  ice  is  32"  and  the  boiling-point  of  water  212** 
(Fig.  6a). 

Various  spet'ial  thermometers  are  also  used  for  measur- 
ing and  recortling  the  temperature  of  the  air.  The  most 
import^int  of  these  are  the  minimum  and  maximum 
thermometers  (Figs.  66  and  6r).  If  maximum  and 
minimum  thermometov  are  placed  out  of  doors  for  a  period 
of  time,  the  fonner  repsters  the  highest  temperature  the 
air  has  reached  during  that  time,  while  the  latter 
r,  -:  -  -  the  lowest  temperature.  By  the  use  of  the 
li,  i   thermoQ>eter    the    weather  office   is   able   to 


learn  the  lowest  tcmpenUiie  r< 
night,  and  by  means  of  the  ? 
aiirertatns  the  bigbett  teoiipertti». 
summer's  <Uy. 
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Another  instrument  used  for  measuring  and  recording 
temperature  is  the  thermograph.  This  records  the 
temperature  continuously  on  a  sheet  of  paper  by  means 
of  a  pen.      The  paper  is   moved   forward  steadily  by 
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Fl(.  8. — Thsrmograph  record,  showing  typical  daily  variation 
or  temperature,  Uct.  14-18 

clock-work.  Figure  7  is  an  illustration  of  a  thermograph, 
and  Figure  8  is  an  illustration  of  a  thermograph  record 
for  several  days. 

19.  Sources  of  heat. — The  heat  that  warms  the  air 
comes  almost  entirely  from  three  sources,  namely,  the 
interior  of  the  earth,  the  sun,  and  the  other  heavenly 
bodies.  Volcanic  and  other  phenomena  indicate  that 
the  interior  of  the  earth  is'Very  hot,  but,  on  acpount  of 
the  thick  outer  layer  of  non-conducting  rooks,  this  heat 
reaches  the  surface  of  the  earth  only  to  a  slight  extent, 
and  hence  plays  little  part  in  heating  the  atmosphere. 
Since  the  heat  received  from  the  interior  of  the  earth  is 
as  great  at  the  poles  as  at  the  equator,  the  temperature 
at  these  two  points  would  be  nearly  equal,  if  the  earth's 
interior  heat  were  the  main  factor  in  the  heating  of  the 
atmosphere.  The  stars  and  some  of  the  planets  supply 
a  still  smaller  amount  of  heat. 

The  heat  received  from  the  sun  is  so  much  greater 
than  that  received  from  all  other  sources  that  the  latter 
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may  be  ne^ected  entirely  in  studying  the  heating  of  the 
atmosphere.  It  has  been  calculated  that  only  nullum 
of  the  sun's  radiated  heat  ever  reaches  our  earth,  yet 
even  this  small  fraction  of  solar  heat  could  melt  annually 
a  layer  of  ice  covering  the  earth's  surface  to  a  depth  of 
141  f(>et.  When  we  remember,  however,  that  the  sun 
is  many  times  larger  than  our  earth — 325  earths  could 
be  placed  around  its  equator  like  a  string  of  beads — 
and  that  this  great  mass  is  extremely  hot,  with  a  probable 
temperature  of  10,000^F.,  we  need  not  wonder  that  the 
effect  of  the  sun  upon  our  earth  is  so  great. 

Heat,  like  light  (Sec.  13),  is  a  form  of  radiant  energy. 
Practically  all  radiations  are  converted  into  heat  when 
they  strike  a  dull,  dark  body.  If,  however,  they  strike 
a  light-coloured  or  bright  surface,  very  little  of  their 
energy  is  converted  into  heat,  as  the  greater  part 
rebounds  from  such  a  surface  and  passes  back  into 
space.  When  the  radiations  are  converted  into  heat,  we 
say  that  they  are  abwrbtd;  when  they  rebound,  we  say 
that  they  are  r^UeUd. 

Hadiatioos  pass  out  not  only  from  the  sun,  but  also 
from  all  warm  bodies.  Short  radiations,  however,  are 
emitted  from  intensely  hot  bodies  only.  The  bodies  tA 
for  instance,  emit  long  radiation.*),  while  incan- 
u — ...  lamps,  glowing  coals,  and  molten  metals  give 
off  short  radiataoos. 

Both  long  and  short  radiations  pass  readily  through 
pure  air.  Carbon  dioxide,  water  vapour,  and,  especially, 
dust  i)articles,  absorb  radiations  to  a  certain  extent. 
Consequently,  air  containing  tliese  components  b  larfe 
proportions  is  directly  warmed  by  the  radiations. 

Short  radiations  pass  readily  through  glass,  but  kng 
ns  rebound  from  its  surface.    Thus  the  short 

I ....uA  from  the  sun  pass  through  the  glass  covering  ft 

hotbed  and  warm  the  earth  within.    The  long  radiationt 
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from  the  warm  earth,  however,  relnjund  from  the  glass 
and  camiot  escape.  Consequently,  the  heat  is  retained 
within  the  hotbed. 

The  numl)er  of  solar  radiations  reaching  any  part  of 
the  earth's  surface  depends  on  several  factors  :  (a)  The 
more  nearly  vertical  the  rays  of  the  sun,  the  more  intense 
are  the  radiations.     From  Figure  9  it  can  be  seen  that 


Pig.  9. — Showing  how  the  aame  number  of  the  aun'a  i-ayn  rover 
different  areas,  according  to  the  angle  at  which  they  atrikn  the 
■urface.  TIm  crou  aection  of  each  repreienui  one  square  inch, 
but  the  vertical  rays  cover  the  amalleet  area  :  those  ■trllclng 
at  45".  a  greater  area;  and  those  at  30^  an  area  still  greater. 

oblique  rays  are  spread  over  a  greater  area  than  an 
equal  number  of  vertical  rays,  and  that  the  more  obliquely 
rays  strike  the  surface,  the  greater  becomes  the  area 
over  which  they  are  spread.  The  greater  the  area  over 
which  a  certain  number  of  rays  are  spread,  the  leas 
intensely  will  that  area  be  heated,  (b)  The  longer  the 
time  the  sun  shines  on  a  surface,  the  more  heat  that 
surface  absorbs.  Hence  the  northern  hemisphere  of  the 
earth  accumulates  more  heat  during  the  long  days  of 
June  than  during  the  short  days  of  December,  (c)  The 
nearer  the  sun  is  to  the  earth,  the  more  intense  are  the 
radiations.  As  the  sun  is  farthest  from  the  earth  on 
July  1st,  and  nearest  on  January  1st,  the  earth  receives 
about  seven  per  cent  more  heat  on  the  latter  day  than 
on  the  former.  This  is  the  least  important  by  far  of 
the  three  factors. 

20.  The  heating  of  the  land.— Land  is  heated  much 
more  quickly  by  the  sun  than  is  either  air  or  water. 
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When  the  sun's  rnHiations  strike  the  earth,  they  are 
almost  entirely  converted  into  heat,  not  more  than  five 
per  cent  of  them  being  reflected.  These  radiations  are 
absorbed  by  a  thin  outer  layer  of  earth,  and,  a.s  the  earth 
is  a  poor  conductor,  the  heat  at  its  surface  is  transferred 
to  its  deeper  layers  very  slowly.  Moreover,  it  takes 
little  heat  to  raise  the  temperature  of  earth  through 
one  degree,  compared  with  that  required  to  raise  the 
temperature  of  water  to  the  same  extent.  On  account 
of  this  effective  absorption,  slow  conduction,  and  low 
capacity  for  heat,  the  surface  of  the  earth  warms  up  very 
quickly.  As  good  absorbers  are  good  radiators,  the  earth 
at  night  readily  radiates  its  heat  and  rapidly  cools. 

21.  The  heating  <rf  the  water.— The  action  of  the 
sun's  rays  on  bodies  of  water  is  very  different  from  their 
action  en  masses  of  land.  Over  forty  per  cent  of  the 
sdar  radiations  are  reflected  back  into  space  from  the 
surface  of  water,  and,  accordingly,  have  no  heating  effect 
on  it.  The  unreflected  radiations  are  not  all  absorbed 
at  the  surface,  as  some  of  them  penetrate  to  considerable 
depths.  In  this  way  they  distribute  their  heat  through 
a  thick  layer  of  water,  and,  consequently,  do  not  increase 
the  U^mperature  of  any  part  of  it  very  rapidly.  Again, 
it  requires  a  greater  quantity  of  heat  to  raise  the  tem- 
perature of  a  mass  of  water  one  degree  than  to  raise  the 
temperature  of  an  equal  mass  of  any  other  substanoe 
one  degree.  There  Is  usually  much  more  evaporation 
fn^m  a  water  surface  than  from  a  land  surface,  and,  as 
heat  is  required  to  evaporate  liquids,  the  surface  from 
which  the  evaporation  takes  place  is  cooled.  This  may 
reaflily  be  proved  by  placing  a  few  drops  of  ether  on  the 
back  of  your  band.  Unlike  earth,  water  Is  constantly 
in  motion.  Thus  the  warm  water  is  oonttnually  being 
mixed  with  the  cold,  and  the  temperature  of  the  dUTercnt 
paru  is  •w,.iui;«oH.    As  a  oonsequence  of  all  these  facton. 
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the  water  dcM»s  not  l)erome  warm  nrjirly  as  nipidly  as 
the  land.  While  the  temperature  of  the  surface  of  the 
land  may  rise  through  many  degree's  during  a  single  hot 
day,  the  temperature  of  the  surface  of  the  water  of  a 
near-by  lake  may  not  rise  through  more  than  a  single 
degree. 

22.  The  heating:  of  the  air.  -As  was  stated  in  S<>(  tion 
19,  the  air  absorbs  some  heat  from  the  direct  solar  radia- 
tions. Carbon  dioxide  and  water  vapour  abeorb  a  small 
amount  of  heat,  and  dast  particles  still  more.  As  the 
greater  portion  of  these  components  of  the  atmosphere 
are  in  the  lower  air,  the  direct  heating  by  the  solar 
radiations  is  most  effective  close  to  the  earth's  surface. 
Nevertheless,  if  the  sky  is  cloudless,  the  solar  radiations 
reach  the  earth  not  greatly  diminished  in  strength. 
Consequently,  the  air  must  receive  the  greater  portion 
of  its  heat  from  the  warm  earth  and  water  in  contact  with 
its  lower  surface.  Heat  passes  from  the  warm  earth  or 
water  into  the  adjacent  air;  this  heated  air  may  rise  or 
be  blown  forward,  distributing  its  heat  to  cooler  air. 


Range  of  Temperature 

23.  Daily  range. — The  following  are  the  temperatures 
taken  every  hour  in  Toronto  on  a  typical  summer  day 
in  June: 

TABLE    1 


A.IB. 

nooa 

P.IB. 

Hoar. 

1 
SI 

2 
40 

8 
48 

4 
4« 

ft 

4ft 

8 
47 

7 
»7 

8 

«3 

9 

82 

10 
84 

11 

12 

1 

2 

78 

a 

79 

4 
78 

ft 
78 

8 
77 

7 
78 

8 
87 

9 
80 

10 

87 

11 
tft 

11 
88 

Tnp.  r.. . 

74 

78 

77 

It  will  be  noticed  that  the  minimum  temperature  was 
reached  about  sunrise,  that  after  sunrise  the  temperature 
increased  steadily  until  al)out  two  or  three  o'clock  in 
the  afternoon,  when  a  maximum  was  reached,  and  that 
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then  the  temperature  began  to  drop  slowly.  After 
sunset  it  dropped  much  more  rapidly  for  a  few  hours, 
and  then  continued  to  drop  more  slowly  until  the  fol- 
lowing sunrise.  To  understand  the  cause  of  this  daily 
variation,  two  facta  must  be  kept  in  mind.  The  sun 
is  wanning  the  air  during  the  period  of  daylight  only, 
while  the  air,  on  the  other  hand,  is  radiating  heat  into 
space  throughout  the  whole  twenty-four  hours  of  the 
day.  In  the  early  morning  the  raj's  of  the  sim  are 
nearly  parallel  to  the  surface  of  the  earth  and  have  to 
pass  through  a  great  thickneas  of  the  lower  air,  in 
which  there  b  much  dust.  Therefore  they  do  not 
warm  the  earth  greatly.  Hence  the  temperature  of 
the  lower  air  increases  but  slowly  for  some  time  after 
sunrise.  Toward  noon  the  rays  become  more  nearly 
vertical  and  pass  through  a  thinner  layer  of  air,  hence 
the  heating  effect  increases  and  reaches  a  maximum 
at  nooo.  For  Bome  time  after  noon,  however,  the 
temperature  still 
rises.  This  is  due 
to  the  fact  that 
the  amount  of 
heat  received  from 
che  sun,  although 
not  so  great  as  at 
noon,  is  still 
greater  than  the 
amount  of  heat 
lost  by  radiation. 
At  about  three 
o'clock  the  amount 
of  beat  which  b 
l)eing  received 
from  the  tun  just 
balanoM  the  amount  which  is  befaig  kwt  by  radiation. 
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After  that  hour  the  amount  of  heat  received  from  the 
setting  sun  steadily  decreases.  The  amount  lost  by 
radiation  decreases  also,  but  more  slowly.  Therefore 
the  air  begins  to  cool  and  continues  to  do  so  until  the 
sun  again  rises. 

24.  Seasonal  change. — There  is  a  steady  change  of 
temperature  throughout  the  year.  Figure  10  shows  the 
annual  range  of  five  cities.  Each,  except  Benares,  has 
its  highest  temperature  during  July  and  August  and  its 
lowest  temperature  during  Deccmlx?r  and  January.  In 
general,  this  range  of  temperature  murks  the  seasons. 
The  warmest  season  is  called  summer,  the  coldest,  winter; 
so  far  as  temperature  is  concerned,  spring  and  autumn 
are  transitional  stages  between  the  warm  and  the  cold 


Courtei\  of  I)     '■  ■.  I  Company 
Fig.  11. — Course  of  the  sun  and  relative  lenKth  ii  I  am  at 

different  seasons  of  the  year;  for  latitudo  45     i  rver  at 

centre  of  picture. 

seasons.  The  difference  in  the  seasons  is  more  marked 
in  high  latitudes  than  near  the  equator.  Singapore, 
within  a  degree  or  two  of  the  equator,  can  scarcely  be 
said  to  have  seasons,  so  far  as  a  change  of  temperature  is 


THE  HEATING  OF  THE  ATMOSPHERE 


33 


concerned,  while  Winnipeg,  and  Verkhoyansk  in  northern 
Siberia,  have  a  very  pnmounced  difference  between 
summer  and  wmter. 

Two  factors  determine  the  seaaons.  In  summer  the 
sun's  rays  are  mora  neariy  vertical  than  in  winter,  and 
so  have  a  greater  wanning  effect.  Again,  during  the 
summer  the  days  are  much  longer  and  the  nights  much 
shorter  than  during  the  winter.  Figure  11  illustrates 
the  facts  just  stated.  The  following  table  gives  approxi- 
mately the  number  of  hours  of  sunlight  for  the  first  day 
of  each  month  in  the  city  of  Toronto: 

TABLE   9 


J^ 

r*. 

Uar. 

A«r. 

ftUir 

tm» 

i^ 

AHT 

•m. 

o«. 

Urn. 

Dm. 

MS 

IL 

11.11 

k. 
ISM 

II. 
Hit 

k. 
Ift.l» 

itM 

h. 
laia 

k. 

II.U 

1014 

k. 

This  table  shows  that  on  January  Ist  the  sun  shines 
for  leas  than  nine  hours,  while  on  July  1st  it  shines  for 
more  than  fifteen  hours.  As  on  July  Ist  the  rays  are 
also  much  more  vertical,  the  amount  of  heat  received  on 
that  day  must  be  much  greater  than  that  received  on 
Januar>'  1st. 

At  the  equator  the  sun  shines  for  twelve  hours  a  day 
throughout  the  year,  hence  the  only  factor  that  chances 
is  the  obliquity  of  the  sun's  rays,  and  this  is  never  peat. 
Accordingly,  there  is  little  difference  of  temperature 
between  summer  and  winter  in  the  torrid  aone.  As  the 
latitude  incrcaiM,  the  obliquity  of  the  sun's  nyn  beoomea 
more  and  more  pronounced  in  winter,  while  at  the  same 
time  the  differenee  between  the  length  of  the  winter 
and  till  >4utnmer  day  increaaea;  therefore  the  difference 
between  tlie  temperatures  of  summer  and  winter  becomes 
greater.  The  extreme  eondition  is  reached  at  the  poles, 
where  for  six  months  of  the  year  there  b  continuous 
sunlight,  and  for  the  other  six  there  is  no  direct  sunlight 
wluUever. 
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Thb  Distribution  op  Heat 

25.  The  vertical  distribution  of  heat.— The  air  near  the 
surface  of  the  earth  is  the  warmest,  and  there  is  a  steady 
decrease  in  tcmporature  as  one  ascends.  This,  at  first 
sight,  seems  remarkable;  for  it  is  well  kncnn  that  warm 
air  ascends,  and  the  cooler  upper  air  settles  down.  Hence 
it  might  be  inferred  that  the  cool  air  would  be  at  the 
bottom  and  the  warm  air  at  the  top,  as  is  always  the 
case  in  a  room.  The  explanation  of  the  decrease  in  the 
temperature  of  the  air  with  increase  of  altitude  depends 
on  an  im|X)rtant  property  of  gases,  which  can  Ije  readily 
demonstrated.  When  a  bicycle  tire  is  being  pumpe<l 
up,  the  bottom  of  the  barrel  of  the  pump  and  the  rubber 
tube  connecting  the  pump  with  the  tire  become  quite 
warm.  This  is  not  due  to  friction,  as  can  readily  be 
shown  by  disconnecting  the  pump  from  the  tire  and 
repeating  the  same  motions  as  before.  Again,  if  a  ther- 
mometer is  held  at  the  opening  of  the  valve  of  a  tire,  and 
the  compressed  air  Is  allowed  to  escape,  the  temperature 
of  the  expanding  air  decreases.  These  two  phenomena 
illustrate  the  following  important  law  r^arding  the 
expansion  and  the  compression  of  gases.  All  gases,  when 
they  are  compressed,  become  warmer,  and,  when  they 
exptand,  become  cooler.  Consequently,  when  air  is  com- 
pressed in  the  lower  part  of  a  bicycle  pump  and  in  the 
rubber  connector,  both  are  heated  by  the  warm  com- 
pressed £dr  within.  When  the  valve  of  the  tire  is  opened 
and  the  compressed  air  is  allowed  to  expand,  it  again 
becomes  cool.  As  warm  air  rises,  the  pressure  of  the 
surrounding  air  upon  the  ascending  current  diminishes. 
Consequently,  ascending  air,  which  is  under  a  diminishing 
pressure,  steadily  expands  and  becomes  cooler.  For 
every  thousand  feet  of  ascent  its  temperature  decreases 
3°F.  Accordingly,  though  air  may  be  warm  when 
it  begins  to  ascend,  it  rapidly  becomes  cooler  as  it  reaches 
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greater  altitudes.  This  is  one  reason  for  the  fact  that 
the  greater  the  altitude  the  lower  is  the  temperature. 
When  the  surface  temperature  is  46^F.,  at  a  height  of 


CURVES  SHOWING  CHANGE  OF  TEMPERATURE  WTTH  HEIGHT  ABOVE  SEA- LEVEL 
QgTAgO  FROM  BALLON- SONK  ASCENTS  1907-8. 


*  *  *  «Ts:;:?±F  *  *  *  * 


ric  It 


one  and  n  half  miles  the  temperature  b  at  the  freeang- 
point,  whilr  at  an  altitude  of  fix  miles  the  temperature 
is  about  50"  F.  U>low  zero. 
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Within  recent  years  the  exploration  of  the  upper  air 
has  been  stimulated  by  the  advances  that  have  been 
made  in  aerial  navigation.  Much  information  has  been 
obtained  by  a  study  of  the  records  obtained  from  kites 
and  balloons  (equipped  with  self-recording  thermometers 
and  barometers)  which  have  reached  great  altitudes. 

The  change  of  temperature  ^^ith  altitude  can  best  be 
shown  by  a  graph.  Figure  12  is  such  a  graph,  showing 
the  change  in  temperature  recorded  by  twenty-seven 
sounding  balloons  sent  up  from  different  parts  of  England 
during  1907-8.  It  will  be  noticed  from  these  graphs 
that  the  atmosphere  can  be  divided  into  three  layers: 
(a)  a  lower  layer,  extending  to  a  height  of  about  two 
miles,  in  which  the  change  of  temperature  is  very  irregular; 
(6)  a  middle  layer,  which  begins  immediately  above  (a)  and 
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Fif.  18. — Represents  the  two  layers  of  the  sir.  the  conTectire  snd 
the  isothermml  layer,  with  the  most  common  positions  of  the 
clouds.  ilount  Everest — the  highest  monntain  of  the  world — 
is  represented  for  comparison  with  the  height  of  the  different 
layers.  To  the  left  the  temperature  of  the  air  at  different  heighU 
is  represented  ^aphically. 

extends  to  an  average  height  of  seven  miles  above  the 
earth's  surface,  and  in  which  there  is  a  steady  and  rapid  fall 
of  temperature;  (c)  an  upper  layer,  in  which  the  tempera- 
ture, instead  of  continuing  to  fall  with  an  increase  of 
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5ilt::udc,  remaioB  statioiuury  or  even  riaes  ali^^tly.  This 
upIMT  part  is  called  the  uoUtermal  layers  because  it  has 
the  same  temperature  at  different  levels.  Although 
}i.  Italloons  have  penetrated  a  considerable  distance 

in.  _  layer,  it  is  not  known  to  what  height  it  extends. 
It  is  believed  now  that  there  is  little  or  no  diffusion 
between  the  isothermal  layer  and  the  lower  layers  of  the 
atmosphere,  and  that  the  former  floats  on  the  latter 
much  Uke  a  layer  of  oil  on  water. 

The  dense  clouds  are  all  formed  in  the  lower  layer, 
while  the  deUcate,  feather>',  cirrus  clouds  (Sec.  35)  are 
formed  near  the  boundary  between  the  middle  and 
upper  layers.     Figure  13  illustrates  these  facts. 

26.  The  surface  distribution  of  heat.—  The  daily  tem- 
peratures of  numerous  places  in  most  i>arts  of  the  world 
have  been  rec<Mtied  for  many  years,  and  the  average,  or 
mean,  temperatures  of  these  places  have  been  calculated 
from  these  records.  If  the  mean  temperatures  for  the 
day,  or  the  month,  or  the  year,  for  each  place  are  entered 
on  a  map,  and  lines  are  drawn  through  all  places  having 
the  tame  temperature,  such  lines  are  called  iaothentu  or 
itolkermal  Imn.  Lines  are  usually  drawn  to  show  differ- 
ences of  five  or  ten  degrees  of  temperature.  A  map  of 
a  district  with  such  isotherms  drawn  on  it  is  called  an 
isothermal  map.  Such  a  map  presents  to  the  eye  a  clear 
picture  of  the  temperatures  of  a  district.  Figure  14  is 
a  map  of  the  world  showing  the  annual  isotbennt. 
Figures  15  and  16  ihow  the  isothenna  of  the  world  for 
Januar>'  and  July,  respectively. 

The  map  of  annual  isotherms  shows  that  the  lines  run 
generally  from  east  to  west  like  the  parallels  of  latitude, 
that  the  highest  temperatures  are  near  the  equator,  and 
that  the  lines  are  modi  more  regular  fai  the  southern  than 
in  the  northern  hemisphere.  The  latter  feature  is  due 
to  the  fact  that  the  soathem  hemisphere  containi  only 
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a  small  porticm  of  the  land  masses  of  the  world.  The 
hot  belt  b  widest  in  South  America,  Africa,  and  India. 

The  isothermal  maps  of  the  world  for  Januar>'  and 
July  show  that  the  hot  belts  migrate  with  the  sun,  and 
that  both  the  highest  and  the  lowest  temperatures  occur 
on  the  land.  It  wiW  also  be  noticed  that  the  lines  are 
more  regular  over  the  water  than  over  the  land.  More- 
over, there  is  usually  a  sudden  change  in  the  direction 
of  the  isotherms  as  they  pass  from  an  ocean  to  a  continent. 

Practical  Exercises 

To  compare  by  a  drawing:  the  effect  of  vertical  and 
oblique  rays  in  warming;  the  surface  of  the  earth. — Place 
a  sheet  of  H(|imn>ii  pai)er  with  one  of  its  long  edges 
next  you  ;  draw  a  heavy  line  across  the  middle  of  the 
sheet;  trace  heavily  from  the  top  of  the  sheet  to  this 
line  two  of  the  vertical  lines  three  centimetres  apart. 
Next,  from  the  horizontal  line  draw  upward  two  parallel 
lines  three  centimetres  apart  at  an  angle  of  66"  with  the 
horizontal  line.  In  a  similar  manner  draw  two  parallel 
lines  three  centimetres  apart,  making  an  angle  of  23* 
with  the  horizontal  line.  Measure  the  length  of  the  part 
of  the  horizontal  line  intercepted  by  each  pair  of  parallel 
lines.  If  the  space  l)etween  each  pair  of  parallel  lines 
represents  a  number  of  the  sun's  rays,  compare  the  num- 
ber repi'Mented  in  the  three  cases.  If  the  horisontal 
'  rfsents  the  earth's  surface,  compare  the  areas  of 

I.  ..:  Ill's  surface  covered  by  the  rays  in  the  three  cases. 
Does  a  given  area  of  the  earth's  surface  receive  more 
heat  when  the  ra3rs  strike  it  vertically  or  when  th^ 
strike  obliquely?  Give  one  reason  (n)  why  a  region  Is 
heate<l  more  intensely  at  noon  than  in  the  morning  or  in 
the  aftcm(Min;  (b)  why  a  region  is  warmer  in  summw 
than  in  winter;  (r)  why  the  earth  Is  warmer  in  tropioal 
than  in  t^'mperate  or  frigid  rs^ons. 
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To  study  a  thermograph  record.  Figure  8  showB 
a  temperature  record  of  a  thermograph  for  a  part 
of  October.  Mt.  stands  for  midnight,  and  the  small 
figures  along  the  top  indicate  the  hours,  while  the  larger 
figures  indicate  the  days  of  the  month.  Find  the  range 
of  temperature  for  each  day.  Find  the  hour  of  maximum 
temperature  for  each  day.  At  what  hour  of  the  day  is 
most  heat  received  from  the  sun  ?  Explain  why  the 
maximum  temperature  does  not  occur  at  this  hour 
(Sec.  23).  Find  the  hour  of  minimum  temperature  each 
day.  From  an  almanac  find  the  hour  of  sunrise  at  this 
time  of  the  year.  What  is  the  relation  betwi'en  the 
hour  of  sunrise  and  the  hour  of  minimum  temperature  ? 
Explain  this  relation.  At  what  part  of  the  day  is  there 
the  most  rapid  cooling?  At  what  part  is  there  the 
slowest  cooling  ?     Why  ? 

To  make  and  study  seasonal  graphs. — The  following 
table  contains  the  latitude,  the  longitude,  and  the  mean 
monthly  temperatures  in  Fahrenheit  degrees  of  the 
places  whose  names  are  in  the  first  column: 
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On  a  sheet  of  squared  paper  rule  a  rectangle  12  cm.  by 
16  cm.  Place  the  paper  with  the  short  side  of  the 
rectangle  toward  you.  Mark  at  the  top  of  the  centi- 
metre lines  the  months  of  the  year,  beginning  with 
January  on  the  left  and  ending  with  January  on  the 


THK  HEATING  OP  THE  ATMOSPHERE  43 

right.  On  the  left  margin  of  the  rectangle,  mark  tem- 
peratures beginning  at  the  bottom  with  -dff  and  allow 
one  ciTitimetre  for  everj'  ten  degrees.  Starting  with 
X'erkhuyansk,  on  the  January  line  mark  the  point  repre- 
senting S9J8^.  Mark  the  mean  monthly  temperature 
for  Verkhoyansk  on  each  of  the  other  lines.  Then  with 
a  coloured  crayon  dra^  a  line  through  the  thirteen  points. 
This  line  is  called  a  temperahtre  eutve  or  graph.  In  a 
similar  manner  draw  graphs  shoeing  the  annual  range 
of  temperature  for  each  of  the  other  places  in  the  first 
column  of  the  table.  The  graphs  should  be  drawn  with 
crayons  of  diffen-nt  colours.  From  the  latitudes  and  the 
longitudes  given  in  the  second  and  third  columns  of  the 
foregoing  table,  find  on  a  map  the  location  of  each  of  the 
pUic<>s.  What  is  the  range  of  temperature  in  each  place  ? 
How  do  you  account  for  the  great  range  at  Verkhoyansk  T 
How  do  you  account  for  the  small  range  at  Manila? 
Why  is  the  curve  at  Buenos  Aires  so  different  from  the 
others  ?  How  does  the  latitude  affect  the  range  ?  Wliat 
cities  are  near  large  bodies  of  water?  How  does  prox- 
imity to  water  affect  the  range  of  temperature  ?  Ebcplain 
the  difference  in  the  gr^hs  for  Vancouver  and  Winnipeg, 
and  also  for  Vancouver  and  Halifax.  Why  do  the  graphs 
for  Vancouver  and  Ix)ndon  resemble  each  other  so  closely  f 
To  draw  the  taoCherms  for  JaiHsarT  oo  a  map  ol 
Canada.— Figure  17  is  a  map  of  Canada  and  adjoin- 
ing parU  of  the  United  States.  The  figures  indicate  the 
mean  temperaturea  of  the  k>eaUties  for  the  month  of 
January.  In  what  provinces  do  temiieratures  below 
(TV.  prevail  ?  Draw  the  line  which  separates  the  regioii 
in  which  the  temperature  is  below  O^F.  from  the  regioo 
in  which  it  is  above  (f  F.  To  do  this  begin  at  the  point 
marked  0"F.,  directly  north  of  Edmonton.  On  which 
side  of  Prince  Albert  will  the  line  pass  T  On  which  side 
of  Winnipeg?    Continue  the  line  east  and  west  to  the 
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Atiiintic  aiKi  Pacific  coasts.  Mark  the  line  in  with  red 
ink  and  mark  O^T.  at  each  end  of  it.  Such  a  line  is 
called  an  isotherm.  In  a  similar  manner  mark  in  red 
ink  the  isotherms  for  40»F.,  30°F.,  20°F.,  10°F.,  0°F., 
-IQPF.,  -20°F.,  -30°F.      State  approximately   the  tem- 


FiC-  17. — Map  of  Canada,  showlni;  the  mean  monthly  temtxsratures 
for  January  in  dilTereot  parts  of  the  country 

perature  on  the  fiftieth  parallel  of  latitude  at  60"  west 
longitude  and  at  every  tenth  degree  of  longitude  across 
the  continent  to  the  Pacific  Ocean.  What  effect  does 
proximity  to  the  ocean  have  on  the  temperatures  of 
places  in  Canada  in  January?  Why?  Which  has  the 
greater  warming  effect  on  the  land,  the  Atlantic  or  the 
Pacific  Ocean  ?  Draw  a  line  from  Prince  Rupert  across 
the  map  to  show  the  course  of  the  most  rapid  lowering  of 
temperature.  Draw  a  similar  line  from  Vancouver,  and 
also  one  from  Winnipeg.  What  relations  have  the 
directions  of  these  lines  to  the  directions  of  the  isotherms  ? 
These     lines    are    called    lines    of    temperature    gradient. 
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Which  of  the  temperature  gradients  drawn  thown  the 
most  rapid  change  of  temperature?  The  iaotbermB  in 
British  Columbia  are  close  together.  What  does  this 
indicate?  Where  are  they  far  apart?  What  is  the 
significance  of  thb?  What  change  in  direction  takes 
place  in  all  the  lines  as  they  approach  the  coast  ? 
Explain  this.  Write  a  )>aragraph  on  the  distribution  of 
temperature  in  Canada  as  revealed  by  your  isothermal 
map.  See  that  it  c<nitains  answers  to  all  the  preceding 
questiumi. 

To  study  isothermal  maps  of  the  world. — Study  the 
map  of  tho  world  (Fig.  14),  showing  mean  annual 
temperatures.  What  is  meant  by  mean  annual  iso- 
therms ?  How  are  they  obtained  ?  What  is  the 
general  din'otion  of  the  isotherms?  Explain  why  they 
have  this  general  <iirection.  Compare  the  isotherm  of 
40^  F.  in  the  northern  with  that  in  the  southern 
hemisphere.  Which  runs  more  r^ularly  ?  Why?  Wliy 
does  the  isotherm  of  4ff  F.  bend  so  far  north  in  the  North 
Atlantic  Ocean  ? 

Figures  15  and  16  show  the  isotherms  of  the  world  for 
January  and  July.  From  a  study  o(  these  maps  answer 
the  following  questions;  Where  are  the  very  cold  regions 
in  January?  In  July?  Explain  in  each  case  why  the 
mgioos  are  cold.  In  which  month  are  the  hot  regioos 
(over  80»F.)  most  extended  ?  Why  ?  In  what  general 
direction  do  most  of  the  isotherms  extend?  Do  the 
isotherms  follow  this  direction  more  regulariy  m  the 
M  or  In  the  southern  hemisphere?  Why?  In 
:omt.«ipherp  Is  the  greater  range  of  temperature 
iMtwfen  Janusrv  and  July?  Compare  the  poritioB  of 
the  thprm.^  In  January  and  July  and  explain 

the  ...n  On  each  map  follow  the  fortieth  parallel 
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of  north   latitude   and   set  down  the  temperatures 
indiratfd  in  th<»  following  table: 


TABLE  4 

MoMk 

PMMe 

OOMl 

or  North 
Amorloft 

IS 

COM( 

oINartk 

AflMrtO* 

AtlBMlO 

Oo«a 

apola 

*w 

'«sr 

MM- 

PMlfie 

OOOM 

J«l7 

, 

J>— MT 

1 

lUag* 

Have  the  centres  of  the  oceans  or  the  centres  of  the 
continents  the  greater  range  of  temperature  ?  Explain 
the  difference  in  the  range  of  temperature  between  the 
east  and  west  coasts  of  the  United  States.  What  change 
in  temp>erature  takes  place  in  passing  from  the  coast  to 
the  interior  of  a  continent  ?    Why  ? 


CHAPTER  IV 
THE  MOISTURE  OF  THE  AIR 

Prkuminaby  Expbrimsntal  Work 

(/)   To  thow  vtuU  %»  TMont  by  evaporation.  — 

Leave  in  the  clasB-room  an  evaporating  dish  half 
filled  with  water.  After  twenty-four  hours  observe 
whether  the  volume  of  the  water  has  changed.  If  so, 
explain  the  cause  of  the  change  in  volume. 

(£)   To  show  what  U  motnt  by  condensation. — 

Put  some  cool  water  into  a  beaker  the  outside  of 
which  has  been  thoroughly  dried.  Add  small  pieces  ci 
ire  (THidually  until  a  mist  forms  on  the  outside  of  the 
If  a  mist  does  not  form  when  the  ice  is  put 
m,  naa  some  salt  to  the  water.  What  is  the  source  of 
this  moistiire  ? 

i)   lb  iUuetrate  the  formation  of  a  doud, — 

(ri)  Heat  some  water  in  a  flat  metal  vessel  until  it  is 

almost  boiling,  place  it  on  a  window-sill,  and  open  the 

window  so  as  to  allow  the  cold  air  from  outside  to  sweep 

vet  the  vessd.      Notice    the    fonnation  of  a    cloud 

above  the  surface. 

(6)  Hold  a  bdl-jar  for  a  few  minutes  over  a  jet  of 
escaping  steam  from  the  spout  of  a  kettle  or  the  valve  of 
a  nuliator  until  the  air  in  the  jar  is  thoroughly  saturated 
with  water  vapour.  Then  plaee  the  bell-jar  on  the 
n  ceiver  of  the  air-pump.  Notice  the  appearance  of  the 
content.^  of  the  jar  after  one  or  two  strokes  of  the  piston. 

A lint  for  the  phenomenon  observed. 
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(r)  Arrange  apparatus  as  in  Figure  18.  i4  is  a  large 
bottle  (the  larger  the  better).  £  is  a  smaller  bottle, 
containing  some  water   W.      Both  have  tightly  fitting 

rubber  corks,  each 
with  two  elbow 
tubes.  Two  of  the 
elbow  tubes  are 
connected  by  a 
short  piece  of 
rubber  tubing 
with  a  pinch-cock 
/'on  it.  The  other 
elbow  tul>e  from 
A  is  connected 
with  an  air-pump. 
The  second  ellx)w 
tube  from  E  has  a 
piece  of  rubber 
tubing  attached  to  it,  and  near  the  end  of  the  rubber 
tubing  is  a  pinch-cock  H.  The  water  should  stand  in  E 
at  least  an  hour  before  the  experiment  is  continued. 
With  both  pinch-cocks  closed,  exhaust  the  air  from  A  as 
completely  as  possible.  Then  suddenly  open  the  pinch- 
cock  F.  This  allows  the  air  in  £"  to  expand  suddenly  to 
fill  both  bottles.  A  faint  cloud  appears  in  E.  Close  F 
and  open  H  for  a  moment ;  then  close  it,  and  again 
exhaust  the  air  from  A.  Allow  a  little  smoke  from  a 
burning  match  to  enter  E ;  again  insert  the  cork,  and 
open  F.  A  much  denser  cloud  appears. 
(4)   Tofindthedetr-point.— 

Add  ice  gradually  to  a  polished  metal  cup  half  full  of 
water,  and  stir  the  water  constantly  with  a  thermometer. 
On  the  first  appearance  of  mist  on  the  outer  surface  of  the 
metal  cup,  read  the  thermometer.  Repeat  the  experi- 
ment three  or  four  times. 


Fig.  IS. — ApparatiM  for  Uluotrating  the 
formation  of  clouds 
A  and  E,  lM>ttles 
F  and  H.  pinch-cocks 
W.  wat«r  in  amall  bottle 
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5)   7b  ahow  what  u  munU  by  a  taturated  mUuiion. — 

Put  as  much  pulverised  blue  vitriol  as  will  lie  on  a 
five-cent  piece  into  a  test-tube  containing  two  inches  of 
water.     Shake   the   test-tube   until    the   blue   vitriol    is 

atirpjy  dLssolved.  Note  the  length  of  time  required  to 
Ive  it.  Add  the  same  amount  of  vitriol  to  this 
.>^.^iion,  shaking  the  test-tube  again  until  it  is  all  dis- 
solved. Again  note  the  time  required.  Continue  until 
no  more  vitriol  will  dissolve.  We  now  have  a  saturated 
solution.  Heat  the  solution  and  add  vitriol  as  long  as  it 
wrill  dissolve.      Put  the  test-tube  under  a  tap  and  let 

•  ater  run  over  the  outside  of  the  tube  in  order  to  cool 

!ie  solution.     What  change  takes  place? 

'»■)   The  rtlatite  humidity  of  the  air  ru  »hntrn   hy  n  yret  and 
dry  hygrometer.  — 

Read  the  temperature  of  tho  air  as  rocorded  on   two 

thennometers  placed  side  by  side.     Surround  the  bulb 

f  one  with  a  short  piece  of  lamp-wick,  the  lower  end  of 

which   is  immersed   in   a   vcwcl  of  water.     When    the 

mercury  in    this  thermometer  has  ceased  moving,  read 

the  two  thermometers  again.     Explain  the  difference  in 

'ire.     Take  a  reading  from  these  two  therm(Hn- 

,.  r  these  conditiunfl  every  day  for  a  week.      Is 

the    difTerenoe   between    the    two    always    the  same? 

Elxplain. 

The  Water  in  the  Air 

27.  The  water  cycle. — If  a  vessel  containing  water  is 

ft  exposed  to  the  air,  the  contents  gradually  pass  from 

the  vesel  and  diffuse  through  the  air.    In  the  same 

manner  the  air  is  ooottnually  receiving  water  vi^xHir 

from  all  bodies  of  water.    Moist  soi  1  and  plants,  also, 

nuaiiy  giving  water  vapour  to  the  air.    This 

carried  up  by  ascending  air  currents  and  may 

•>  transported  thousands  oi  miles  by  winds.    But  sooner 
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or  later  the  air  becomes  chilled,  the  water  vapour  forms 
clouds,  and  the  water  particles  in  the  clouds  collect  as 
rain  or  snow,  which  falls  upon  the  earth.  Part  of  this 
water  is  evaporated  directly  from  the  land.  Part  of 
it  flows  off  the  land  into  streams,  by  means  of  which 
it  is  carried  back  to  the  ocean,  and  from  there  it  again 
passes  into  the  air.  Water  passes  continually  through 
this  cycle.  In  this  way  millions  of  tons  of  \v:it<T  are 
daily  lifted  into  the  air  and  transported. 

28.  The  uses  of  water  in  the  air. — To  rais<-  so  much 
water  requires  a  great  amount  of  energj'.  This  is  supplied 
by  the  sun.  As  the  water  passes  through  the  streams  back 
to  the  sea,  man  recovers  much  of  this  energy  and  con- 
verts it  into  electrical  pwwer  to  run  his  factories  or  to 
light  his  houses  and  to  perform  many  other  services. 
The  navigation  of  rivers  and  lakes  depends  on  a  constant 
supply  of  rainfall.  Moreover,  the  vegetation  of  the 
world,  and  thus,  directly  or  indirectly,  most  of  man's 
industries,  are  determined  largely  by  the  amount  and 
distribution  of  the  rainfall. 

29.  Evaporation. — Water  when  in  contact  with  air, 
acts  much  like  vitriol  when  in  contact  with  water.  For 
example,  if  a  liunp  of  ice  or  a  vessel  of  water  is  left  in 
contact  with  the  air,  the  ice  or  the  water  gradually  dif- 
fuses into  the  air,  just  as  the  vitriol  dissolves  in  the  water. 
While  it  would  be  perfectly  correct  to  say  that  the  ice  or 
the  water  dissolves  in  the  air,  it  is  more  usual  to  say  that 
it  evaporates.  Water  dissolved  in  the  air  is  in  an 
invisible  state  and  in  this  form  is  called  water  vapour.  If 
the  air  remains  in  contact  with  water,  it  becomes  saturated 
>\-ith  water  vapour.  If  the  saturated  air  is  heated,  it  will 
take  up  still  more  water  vapour.  But  if  warm  air  con- 
taining much  water  vapour  is  cooled,  it  will  in  time 
reach  a  temperature  at  which  the  air  is  saturated.  This 
temperature  is  called    the  dew-point.       If  the  air  cools 
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bdow  the  dew-point,  a  part  of  the  water  vapour  will 
usually  condenae  as  little,  visible  globules  of  water  or  as 
crystals  of  ice.  The  visible  particles  form  a  ofettd  or  Jb^. 
If  the  air  again  becomes  warmer,  the  particles  redissolve, 
and  the  cloud  or  fog  disappears.  It  was  said  above  that 
when  saturated  air  is  cooled,  a  cloud  usually  appears. 
But  it  has  recently  been  found  that,  if  air  is  free  from  dust, 
it  may  be  cooled  many  degrees  below  dew-point  without 
causing  any  coodenaatian  of  water  vapour.  This  would 
appear  to  indicate  that  the  dust  particles  are  neoeaaaiy 
to  form  nuclei  about  which  the  water  may  ccHidense. 
It  has,  however,  been  discovered  still  more  recently  that, 
under  certain  conditions,  even  if  dust  is  absent,  the 
particles  of  the  air  itself  form  little,  electrical  nuclei, 
called  ton*,  about  which  the  water  condenaes.  You  have 
already  seen  how  effective  are  smoke  particles  in  forming 
nuclei  for  the  condensation  of  water  vapour.  In  country 
districts,  where  the  air  contains  relatively  few  dust 
particles,  fogs  are  less  frequent  than  in  great  cities, 
where  factories  are  pouring  vast  quantities  of  smoke 
into  the  air. 

30.  Humidity. — When  air  contains  enough  or  almost 
enough  wat^T  vapour  to  saturate  it,  it  feels  damp  and 
makes  objects  in  contact  with  it  damp.  Such  air  is  said 
to  Ije  humid.  When  the  air  is  humid,  we  feel  extremes 
of  heat  or  cokl  more  keenly  than  when  the  air  is  dry. 
In  summer,  if  the  air  is  humid,  one  feels  the  beat  much 
more  than  if  the  air  i^  dry,  for  in  the  former  case  there 
is  little  evaporaticm  from  the  surface  of  the  body.  In 
winter,  on  the  other  hand,  if  the  air  is  humid,  one  feels 
the  cold  more.  The  humid  air  makes  the  ck>thing  damp, 
and  OS  moist  air  and  clothing  are  better  conducton  than 
dry  air  and  clothing,  the  body  loses  its  beat  more  rapidly 
under  these  conditions. 

It  is  necessary  to   distinguish  abtoluU  hmmiti'***  fri>m 
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rehtirc  itmnidity.  The  following  table  shows  the  quan- 
tity of  water  vapour  contained  by  one  cubic  foot  of 
saturated  air  at  the  temperatures  indicated : 

TABLE  & 


o* 

I0» 

20«  W 

40» 

«©• 

•0» 

70* 

ao« 

w* 

100* 

lOnlMorWAUr  laftCo. 

1    '^ 

O.M 

O.M 

1.301.97 

S.M 

4.00 

ft.7» 

7.M 

lO.M 

XA.tl 

19.79 

By  absolute  humidity  is  meant  the  amount  of  water 
vapour  contained  in  one  unit  volume  of  air.  Accordingly, 
the  numbers  in  the  bottom  line  of  the  table  express  the 
absolute  humidity  of  saturated  air  at  the  different  tem- 
peratures. To  say  that  one  cubic  foot  of  air  contains 
one  gram  of  water  vapour  gives  only  partial  information 
regarding  its  humidity.  Such  air  in  a  hot  desert  would 
be  exceedingly  dry,  while  on  a  cold  winter's  day  in  Canada 
it  would  be  very  humid.  The  desert  air  is  far  from  its 
dew-ix)int,  since  its  temperature  is  so  high,  while  air  of 
the  same  absolute  humidity  on  a  cold  winter's  day  in 
Canada  is  very  near  its  dew-point.  The  nearness  of  the 
dew-point  expresses  more  exactly  the  state  of  humidity 
than  does  its  absolute  humidity.  To  express  the  near- 
ness of  the  dew-px)int,  the  term  relative  humidity  is  used. 
It  may  be  defined  as  the  ratio  the  quantity  of  water 
vapour  in  the  air  at  a  given  temperature  bears  to  the 
quantity  in  it  when  saturated  at  that  temperature. 
Suppose  1  cubic  foot  of  air  at  20°  F.  contains  .65  grams 
of  water  vapour.  According  to  the  foregoing  table  1 
cubic  foot  of  saturated  air  at  that  temperature  contains 
1.3  grams  of  water  vapour.  Therefore  the  relative 
humidity  is  .65/1.3,  or  50  per  cent.  If  the  air  just  de- 
scribed were  at  10°F.,  instead  of  20"F.,  its  absolute 
humidity  remaining  the  same,  its  relative  humidity  would 
now  be  .65/.84,  or  77  per  cent.  It  is  the  relative  humidity 
that  determines  whether  air  feels  damp  or  dry. 


[ 


THB  MOISTURE  OP  THE  AIR  53 

31 .  Dew.— You  have  observed  that  on  a  warm  day  a 
mist  will  form  on  the  outside  <A  a  pitcher  of  iced  water. 
he  little  drops  of  mist  rapidly  become  larger,  and  run 
together  to  form  drops  ctf  water,  and  may  beccxne  so 
large  that  they  nm  down  the  outside  oi  the  pitch«>. 
These  drops  must  have  come  from  the  air.  The  iced 
liter  cools  the  g^ass  vessel,  and  the  f^ass  cools  the  air 
immediately  in  contact  with  it.  When  this  air  falls 
below  its  dew-point,  part  of  its  water  vapour  condenses 
as  a  mist  on  the  outside  of  the  pitcher.  As  different 
currents  of  air  come  in  ocntact  with  the  cooled  surface 
of  the  glass,  more  and  more  water  vapour  is  cimdensed, 
and  the  drops  beocMne  larger. 

Dew  is  formed  in  precisely  the  same  way.    As  soon 

as  the  sun  sets,  blades  of  grass,  leaves,  and  other  objects 

begin  to  cool  owing  to  the  radiation  of  their  heat.    Under 

favourable  conditions  these  objects  radiate  heat  rapidly, 

some,  however,  more  n^dly  than  others.    As  they  cool, 

the  air  in  contact  with  them  also  cools.    When  the  dew- 

I»oint  is  reached,  moisture  begms  to  condense  on  their 

surfaces.    Objects  which  are  good  radiators  reach  this 

point  sooner  than  poor  radiators,  and,  therefore,  are 

usually  covered  most  copiously  with  dew.    As  the  con- 

dentation  proceeds,  the  drops  become  larger  and  larger 

find  run  together  to  form  dewdrops.    Just  ts  a  blanket 

irown  over  you  when  you  are  slMfrfng  keeps  you  warm 

by  preventing  the  beat  of  your  body  from  being  lost  by 

rsdiatk»,  io  ekNids  in  the  sky  prevent  radiation  from 

lese  objects  on  the  ground,   and,  consequently,  on 

Unidy  eveningi  there  is  little  or  no  dew.    Moreover,  if 

wind  is  bknring,  the  air  in  contact  with  the  radiating 

i)jocts  is  being  rapidly  mewed,  and  as  the  air  is  wanner 

than  the  objects,  they  are  prevented  tnm  cooliBg,  and, 

acoordinidy.  little  or  no  dew  fonnt.    On 
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when  the  sky  is  clear  and  the  air  is  still,  there  is  likely 
to  be  abundant  dew. 

Some  interesting  experiments  have  recently  been  per- 
formed which  show  that  much  of  the  moisture  that  goes 
to  form  dew  comes  out  of  the  moist  soil  or  is  transpiretl  by 
leaves.  If  in  the  evening  an  inverted  vessel  is  placed 
on  sod,  in  the  morning  it  will  be  found  that  there  is  more 
dew  on  the  inside  than  on  the  outside  of  the  vessel; 
but  if  a  sheet  of  glass  is  placed  between  the  vessel  and  the 
grass,  there  will  be  little  or  no  dew  on  the  in-side.  This 
indicates  that  during  the  night  the  moisture  in  the  soil 
is  evaporated  into  the  air  and  is  then  condensed  on  the 
surface  of  the  vessel.  Everybody  who  has  walked  through 
a  meadow  in  the  early  morning  has  been  struck  with  the 
very  large  amount  of  dew  that  has  formed  on  the  leaves. 
It  is  believed  that  much  of  this  comes  out  of  the  leaves 
themselves,  for  they  transpire  much  water  vapour 
through  the  pores  on  their  surface.  In  the  evening  when 
the  leaves  are  cooled  by  radiation  and  the  surrounding 
air  is  below  its  dew-point,  this  transpired  water  vapour 
at  once  condenses  on  their  surfaces.  It  is  very  probable 
that  at  night  water  frequently  exudes  from  the  pores 
of  the  leaves.  Much  of  the  dew  on  leaves  may  come 
from  this  source. 

32.  Frost. — If  the  dew-point  of  the  air  is  below  32*F., 
the  temperature  of  radiating  objects  must  fall  below  this 
point  before  any  condensation  takes  place,  and  under 
these  conditions  the  water  vapour  appears  on  their 
surface  as  tiny  particles  of  ice.  As  the  solid  particles  of 
ice  do  not  run  together,  a  coating  of  frost  is  spread  over 
the  surface.  As  more  water  vapour  solidifies,  layer  after 
layer  of  these  little  solid  particles  is  added  to  those 
already  formed,  until  finally  a  snow-like  covering  is 
produced.  This  is  called  hoar-frost,  or  irhite-frojit.  Hoar- 
frost should  be  carefully  distinguished  from  frozen  dew, 
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which  occurs  if  the  temperature  of  the  air  falls  below 
32° F.  after  dew  has  formed. 

If  the  temperature  falls  only  two  or  three  degrees 
below  the  freexing-point,  the  frost  does  not  injure  any 
but  the  most  tender  plants.  But  frosts  that  occur  when 
the  temperature  is  below  28°  F.,  kill  many  plants  by 
freezing  the  moisture  contained  in  their  cells.  The 
consequent  expansion  bursts  and  destroys  the  walls  of 
the  odls.  Such  frosts  are  called  killing  frotU.  As  the 
plants  afterwards  turn  black,  these  frosts  are  also  known 
as  black  frotU. 

As  frosts  do  damage  to  crops  to  the  extent  of  millions 
of  dollars  every  year,  it  is  of  great  importance  to  the 
farmer  to  understand  the  conditions  that  favour  or 
prevent  frosts.  Many  investigations  have  been  carried 
on,  in  order  to  find  methods  by  which  frosts  may  be  pre- 
vented. The  most  effective,  it  would  seem,  are  good 
drainage  and  clean  cultivation.  The  farmer  should  also 
know  the  probable  dates  of  the  last  frost  of  spring  and 
the  first  frost  of  autumn;  for  the  date  of  planting  almost 
all  farm  produce  is  regulated  by  the  probable  date  of 
the  last  killing  fnist  in  the  wpring,  and  the  time  of  har- 
vesting many  fruits  and  vegetables  is  largely  determined 
y  the  probable  date  of  the  first    killing   frost  of  ths 

itumn. 

')')  Ootids. — When  the  temperature  of  the  air  high 
surface  of  the  earth  falls  below  the  dew-point, 
(1  tally  fcNued.    If  the  temperature  of  the  air 

ito  ...  "-~>King-potnt,  the  cknids  are  composed  of 

litilf  I  iter,  but  if  it  is  below  the  freesbg-poiiit, 

tl  '  ice  ciystals.    These  particles  are 

h« •>  rirevented  from  falling  by  ascend* 

ing  >iir  (MK  re  not  all  of  the  same  density. 

If  tl'  i(«  to  become  cooler,  the 

.uodcBsatko  of  mora  water 
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on  their  surfaces.  If  the  air  becomes  warmer,  evaporation 
from  the  surface  of  the  particies  takes  place,  and  so  the 
cloud  becomes  less  dense  or  may  even  disappear  entirely. 
Evaporation  sometimes  takes  place  at  one  part  of  a  cloud 
and  condensation  at  another,  and  so  the  shape  of  the 
cloud  is  changed.  The  upper  air  currents  also  toes  the 
cloud.s  into  the  most  fantastic  shajx's. 

34.  How  the  air  is  cooled  to  form  clouds. — An  ascend- 
ing air  current  is  subjected  to  a  steadily  decreasing 
pressure  as  it  rises.  Under  a  diminished  pressure  a  gas 
expands.  Accordingly,  ascending  air  currents  are  con- 
tinually expanding  and  becoming  cooler.  If  this  ascension 
continues,  the  air  in  time  is  bound  to  reach  its  dew-point, 
and  then  condensation  begins,  and  a  cloud  appears. 
Almost  all  clouds  are  formed  in  ascending  air  currents. 
Other  processes,  such  as  the  mixing  of  warm  and  cold  air, 
or  the  blowing  of  warm,  moist  air  over  cold  surfaces,  play 
a  very  subordinate  part  in  cloud  formation. 

As  air  descends,  it  is  subjected  to  a  steadily  increasing 
pressure  and  decreases  in  volume.  All  gases,  when  com- 
pressed, become  warmer.  Consequently,  descending  air 
currents  are  continually  rising  in  temperature.  If  air 
which  contains  a  cloud  l^egins  to  descend,  the  cloud 
becomes  less  dense  or  disappears  as  it  reaches  lower 
levels  and  as  thr  air  Iw^comes  warmer. 

35.  The  forms  of  clouds. — From  the  earliest  times 
man  has  been  interested  in  clouds,  and  even  now  their 
forms,  positions,  and  movements  are  the  chief  signs  by 
which  most  jjeople  forecast  the  weather.  On  account 
of  their  variety  and  beauty  of  form,  the  delicacy  of  their 
colouring,  and  the  rapidity  with  which  they  change 
both  their  form  and  their  colour,  clouds  are  among  the 
most  beautiful  of  all  natural  phenomena.  Many  attempts 
have  been  made  to  classify  them.  Three  fundamental 
forms  have  entered  into  almost  all  classifications — cirrusj 
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ftnituM,  and  eumuhu.  The  cirrus  cloud  (Fig.  19)  ia  a 
small,  detached,  white  cloud  of  irregular  shape,  made  up 
of  slender,  delicate,  irregularly  curling  fibres.  It  does 
Ti  "  below  an  altitude  of  six  or  seven  miles,  and  so 

i  .^hest  of  all  clouds.     Thr  pnrtirlr>  mmposing  it 


i  ..     19.— The  cljTu*  . 

arr  made  of  ice  cr\  ^  the  temperature  at  t 
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and  most  strikinK  of  our  cl   .  i 
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and  obscure  the  sun,  cauttog  "gray  weather." 
fog  lifts  from  the  earth,  it  forms  a  stratus  cloud. 


When  a 


Pig.  20. — The  cxunulus  cloud 

Other  forms  of  clouds  are  named  by  combining  the 
above  terms.  For  example,  the  names  cirro-Mrntn^, 
cirro-cumulus,  strato-cumuluA,  etc.,  are  used  to  descrilje 
clouds  which  have  certain  characteristics  of  the  two 
fundamental  forms  designated  by  each  name.  The  name 
nimbus  is  given  to  any  cloud  from  which  rain  is  falling. 
It  forms  a  thick  sheet  and  is  very  dark. 

36.  Fog. — A  fog,  or  mist,  has  the  same  structure  as  a 
cloud,  but  while  a  cloud  is  suspended  in  the  air,  a  fog 
rests  on  or  moves  along  the  surface  of  the  earth.  Fogs 
are  usually  caused  in  one  of  two  ways.  In  the  autumn, 
when  the  nights  are  lengthening,  radiations  from  the 
lower  stratum  of  air  may  cool  a  considerable  depth  of  it 
below  the  dew-point,  and  so  water  vapour  is  condensed 
to  form  a  fog  which  is  observed  in  the  morning.     Again, 
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in  the  lato  winter,  a  warm,  moisture-laden  wnnd  from  the 
"outh  may  blow  over  the  cold,  snow-covered  ground. 
i  he  air  is  then  cooled  below  its  dew-point,  and  a  fog  is 
formed.  The  great  fo0B  oS  Newfoundland  are  formed  in 
this  way.  The  warm,  moist  air  from  over  the  Gulf 
Stream  blows  across  the  icy  waters  brought  down  by  the 
Labrador  current.  Fog  disappears,  either  as  the  result 
of  the  air  containing  it  being  warmed  b^  tiie  sun,  or 
because  it  is  blown  away  by  the  wind. 

37.  Rain.  —  Wben  a  cloud  is  formed,  minute  drops  of 
water  condense  about  every  dust  particle.  But  the 
nuclei  are  so  numerous  that  even  if  all  the  water  vapour 
in  the  surrounding  air  were  to  condense  about  them,  the 
'frops  would  still  be  far  smaller  than  rain-drops.     How- 

er,  as  the  air  continues  to  rise,  it  leaves  the  heavier 
water  drops  of  the  cloud  behind,  and  condensation  at  the 
higher  level  finds  so  few  nuclei  that  a  large  accumulation 
of  water  condenses  on  each,  and  drops  too  heav>'  to  be 
supported  by  the  air  currents  are  formed.  These  begin 
to  fall,  and  as  they  do  so,  their  electrical  charges  cause 
those  that  conio  in  contact  to  blend.  By  this  process, 
rain-drops  are  formed.  The  laigest  rain-drops  are  not 
more  than  one-sLxth  of  an  inch  in  diameter,  and  the 
average  size  of  a  drop  is  much  smaller. 

Sometimes  a  rain-cloud  passes  overhead,  but  only  a 

few  drops  or  none  at  all  reach  the  ground.    Wben  thk 

happens,  the  rain-drops  fall  rapidly,  after  leaving  the 

loud,  through  a  stratum  of  dry  air,  in  which  rapid 

-'ion  talces  |>lace  from  their  surfaces,  until  they 

la  entirely  disappear. 

Another  phenomenon  often  accompanies  a  winter  rain. 
As  soon  as  the  rain  strikes  an  object,  it  tunis  into  iee» 
and  the  surface  of  sidewallcs,  pavements,  trees,  telegraph- 
wires,  etc.,  becomes  eoated  with  a  onooth  eovering  of  ice. 
Fmiuently  trees  and  wires  become  so  heavily  weighted 
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that  they  are  broken  do^ro,  and  much  damage  is  done. 
One  explanation  of  this  phenomenon  depends  upon  the 
following  facts.  If  pure  water  is  not  agitated,  its 
temperature  can  l)e  depressed  far  l)elow  the  freezing- 
point  without  turning  the  water  into  ice.  It  is  then  said 
to  be  super-cooled.  If  the  super-cooled  water  is  agitated, 
the  whole  mass  turns  instantly  into  ice.  The  same 
phenomenon  may  occur  with  falling  rain.  If  the  tem- 
perature of  the  rain-cloud  is  alwve  freezing-point  and 
the  layer  of  air  through  which  the  rain  falls  is  below 
freezing-point,  the  rain-drops  l)ecome  super-cooled  as 
they  fall,  and,  when  they  strike  a  surface,  the  agitation 
causes  them  to  solidify  instantaneously.  Rain-drops  also 
freeze  when,  as  occasionally  happens,  the  temperature  of 
the  surface  upon  which  they  fall  is  below  the  freezing- 
point. 

38.  Snow. — If  the  temperature  of  air  containing  a 
cloud  is  below  freezing-point,  the  particles  forming  the 
cloud  are  ice  crj'stals,  instead  of  water  drops.  As  the 
crystals  combine,  they  do  not  run  together  like  liquid 
drops,  but  build  up  regular  crystalline  structures.  When 
these  become  too  heavy  to  be  supported  by  the  ascending 
air  current,  they  fall  as  snow-flakes.  Frequently  they 
have   very   beautiful    forms    (Fig.  21),  «  ".    those 

that  fall  at  the  beginning  or  the  end  of  a  M  nn. 

Snow  is  of  great  importance  to  man.  It  forms  a  pro- 
tective covering  over  the  surface  of  the  soil,  and  thus 
prevents  frost  from  destroying  the  roots  and  the  leaves 
of  perennial  plants.  It  is  of  value  in  supplying  means 
of  transportation,  esi^ecially  in  the  woods  of  the  north, 
where  the  luml)emien  are  able  to  haul  logs  easily  from 
the  depths  of  the  woods  to  the  banks  of  streams  only 
during  the  winter.  Where  snow  falls  to  too  great  a 
depth,  however,  it  may  l^ecome  a  great  hindrance  to 
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transportation,  blocking  roads  and  railways  for  weeks  at 
a  time. 

39.  HaiL — Hail  is  not  always,  nor  even  usually,  frozen 
rain-drops.  During  the  winter  rain-drojM  occasionally 
become  frozen  and  reach  the  earth  as  clear  pellets.  Hut 
this  is  exceptional.  Hail-storms  usually  occur  on  the 
hottest,  most  sultry  days  of  summer  and  during  the 
hottest  part  of  the  day.  When  hail  falls,  it  invariably 
falls  at  the  beginning  of  a  thunder-storm  during  which 
there  is  violent  thunder  and  lightning.  Hailstones  are 
composed  of  ice  and  snow  in  alternate  concentric  layers. 
They  vary  in  size  from  very  small  pellets  to  the  size  of 
hens'  ^gs  or  even  larger  (Fig.  22).     They  are  formed  in 


^ 


Lou-:,:,;,  oj  L  S    Otpl    o)  AiiiuuUuit 

Pig.  22. — Uailstonei.     Bottom  of  tray  is  10>^  tnciiM  long 

violent  cyclonic  vortexes,  in  which  they  are  sucked  up 
to  great  heights  and  then  drop,  only  again  to  be  sucked 
up.  At  the  lower  levels  they  receive  coverings  of  water, 
which  freeze  to  ice  in  the  cold,  higher  air,  where  they 
also  receive  coatings  of  snow  or  hoar-frost.     Hail-storms 
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freqaently  do  great  damage  to  crope  by  battering  their 
tender  parta  to  pieces.  Unfortunately,  they  are  most 
frequent  at  the  season  when  the  crops  are  green  and 
easily  harmed.  The  grain  crops  of  the  Prairie  Provinces 
of  Canada  sometimes  suflfer  great  damage  in  this  way. 

Practical  Exercise 

To  study  the  formatfon  of  frost  and  dew. — (n)  For  two 
weeks  ol^eerve  in  the  evening  whether  the  sky  is 
clear  or  cloudy  and  whether  there  is  any  wind.  In  the 
morning  observ'e  whether  there  is  any  dew  and  whether 
it  is  copious  or  not.  (6)  Note  the  kinds  of  objects  on 
which  the  dew  is  most  copious  and  the  kinds  on  which  it 
is  small  in  amount  or  absent.  For  this  purpose,  examine 
grass,  the  leaves  of  the  lower  branches  of  trees,  pieces  of 
wood,  iron,  etc.  (r)  Place  an  inverted  metal  pan  over 
some  grass  in  an  open  field.  Examine  the  pan  in  the 
morning.  Has  dew  been  deposited  on  the  outer  surface  ? 
On  the  inner  surface  ?  Is  there  dew  on  the  grass  under 
the  pan  ?  Again,  place  the  inverted  pan  in  the  field, 
but  instead  of  placing  it  directly  on  the  grass,  insert  a 
sheet  of  glass  betwe(>n  it  and  the  grass.  Is  there  dew 
on  the  inside  of  the  pan  now  ?  Does  all  the  dew  come 
from  the  air,  or  does  simw  of  it  come  from  the  soil  and 
the  grass  ?  00  Durinft  ( )(tol)er  and  November  repeat  (a), 
only  note  if  frost  ap|>ear8  instead  of  dew.  (r)  If  the 
school  possesses  a  minimum  thermometer,  leave  it  in  the 
grass  during  several  nights,  noting  each  night  whether 
there  is  dew  or  frost  and  what  is  the  minimum  tempera- 
ture during  the  night. 

QtrxsnoNs 

1.  Why  b  dew  mors  eopioiu  in  hollows  than  on  hills? 

2.  If  the  absohiU  hnmldity  of  tbs  air  Is  2  trains  per  enbie 
foot  and  its  tsmptratiirs  is  7(D*F.,  And  Its  relativ*  humidity 
(Sec.  30). 
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3.  The  dew-point  is  30°F.  at  a  place  where  the  temperature 
is  70<*F.     Find  the  relative  hurflidity  at  the  place. 

4.  The  rainfall  in  inches  at  a  place  for  the  twelve  months 
oS  the  year  beginning  with  January  is  as  follows:  1.0,  !.!>, 
1.2,  1.5,  1.9.  2.3,  2.2.  2.3,  1.6,  2.3,  1.8,  2.1.  Construct  for 
that  place  a  rainfall  graph  for  the  year. 

5.  A  moist,  warm  wind  blows  up  on  one  side  of  a  mountain 
and  down  the  opposite  side.  Compare  the  rainfall  and  tem- 
perature conditions  of  the  two  sides  of  the  mountain. 

6.  Why  is  dew  more  abundant  on  the  grass  than  on  the 
leave*  of  trees  in  the  same  vicinity  ? 

7.  What  becomes  of  the  white  cloud  that  rises  from  a 
locomotive  7 

8.  When  there  is  danger  of  frost,  the  gardener  sometimes 
builds  a  fire  that  produces  much  smoke.  Explain  how  such 
a  fire  may  prevent  the  destruction  of  his  crop  by  frost. 

9.  Why  is  water  vapour  not  found  in  the  air  at  (freat 
altitudes  7 

10.  Draw  a  diagram  illustraimg  the  water  cycle  (,s*c.  ^ri?;. 
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CHAPTER   V 

THE  PRESSURE  AND  CIRCULATION  OF 
THE  ATMOSPHERE 
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Preliminary  Experimental  Work 

(i)    To  make  a  barometer.  — 

(a)  Place  your  thumb  over  the  mouth  of  a  test-tube 
full  of  water,  invert  the  test-tube  in  a  pan  of  water,  and 
remove  your  thumb.  Does  the  water  run  out  of  the 
t*«.t-tube?    What  is  holding  it  up? 

\b)  Arrange  I4>i)aratus  as  in  Figure 
23.  .^  is  a  glass  tube  sealed  at  one 
end.  It  should  be  at  least  thirty-five 
inches  long  and  have  a  bore  as  large 
as  a  lead-pencil.  £  is  a  piece  of  glass 
tubing  of  the  same  bore,  eight  inches 
in  length.  C  is  a  rubber  tube  con- 
necting A  and  B. 

Holding  those  in  the  jM)siti()n  shown 
in  Figure  23,  pour  mercur>'  into  the 
opening  of  B  until  A  and  C  are  filled. 
Keeping  J9  in  a  vertical  position,  raise 
A  until  it  abo  is  vertical,  as  shown  in  ^  . 


U 


Figure  24.  Note  the  height  of  the  mercury  in  the  two 
tubes.  Measure  the  disUnoe  between  the  levels  of  the 
nirrnirv  in  them.     Aeoount  foT  the  difference  in  level. 
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{£)  7b  show  that  the  height  of  the  column  of  mercury  varies  ru 
the  prewure  of  the  air. — 
Make  a  barometer  as  in  the  preceding  experiment, 
but  having  the  open  arm  almost  as  long  as  the  closed 
arm.  By  means  of  the  air-pump  or  by  suction  of  the 
mouth,  partially  exhaust  the  air  from  the  open  arm.  Note 
any  change  in  the  height  of  the  column  of  mercury  in  the 
closed  arm.    Account  for  the  change. 

(S)    To  compare  the  density  of  liquids. — 

Weigh  an  empty  speciBc  gravity  bottle.  Fill  it  with 
mercury  and  weigh  again.  Repeat  the  experiment  with 
glycerine  and  again  with  water.  Calculate  the  weight 
of  this  volume  of  each  of  the  liquids.  How  many  times 
as  heavy  as  water  is  (a)  mercury,  (b)  glycerine  ? 

(4)  To  «AoM>  the  effect  of  altitude  on  prestnire. — 

Examine  the  graduations  on  an  aneroid  barometer, 
in  order  to  learn  what  difference  in  pressure  is  indicated 
by  each  graduation.  Rearl  the  pr&ssure  near  the  floor 
of  the  basement  of  the  school  as  registered  by  the  aneroid 
barometer;  then  read  the  pressure  at  the  highest  point 
in  the  school  it  is  ]X)6sible  to  reach.  Assuming  that  a 
difference  in  pressure  of  one-tenth  of  an  inch  indicates 
a  difference  in  altitude  of  ninety  feet,  calculate  the 
difference  in  height  between  the  two  places  whose  pres- 
sures have  been  measured.  By  means  of  the  aneroid 
barometer  find  the  height  of  the  highest  hill  in  your 
vicinity. 

(5)  To  study  convection  currents  in  air. — 

(a)  On  a  calm  day  close  all  the  windows  of  a  warm  room 
and  also  all  the  doors  except  one  that  opens  directly 
outside.  Leave  this  door  very  slightly  open,  so  that 
there  is  a  narrow  chink.  Place  a  burning  candle  near 
the  top  of  the  chink  and  gradually  lower  it  to  the  bottom. 
The  deflections  of  the  flame  indicate  the  directions  of  the 


ATMOSPHERE-PRESSURE  AND  CIRCULATION      r,7 

rrents.  Note  tho  direction  of  the  air  rurn'nts  at 
«.  at  heiKhtji  along  tho  chink.  Hold  a  thermometer 
near  the  top  and  then  near  the  bottom  of  the  chink  in 
order  to  find  *'  '  -iture  of  the  currents.  Give 
reasons  for  the  - .  ;  (a)  temperature,  (6)  direction 

of  the  air  currents. 

(b)  Perform  experiment  described  in  last  paragraph  of 
section  302,  ElemenU  of  Physic*  (Merchant  A  Chant). 

(^  To  Aofw  the  effect  of  centrifugal  force  on  rotating  bodies. — 

I-'ill  a  circular  wash-basin  with  water.     Then  pull  the 

pi  :  ' ,  and  quickly  give  the  water  a  swirling 

mc---     ---.    _.     .and.     What  is  the  effect  of  the  swirling 

motion  on  the  level  of  the  water  (a)  near  the  centre  of  the 
basin,  (b)  near  the  margin? 

The  Pressube  and  Circulation  or  the  Atmosphere 

40.  Why  the  air  exerts  pressure.— Every  particle  of  air 
is  drawn  toward  the  centre  of  the  earth  by  the  force 
of  gravity.  This  gives  to  the  air  its  weight.  Just  as  a 
stone  presses  against  the  surface  on  which  it  rests,  so  the 
atrooei^iere  presses  against  all  surfaces  on  the  earth  with 
which  it  is  in  contact.  The  amount  of  pressure  exerted 
by  the  air  at  any  point  depends  partly  on  the  height  and 
partly  on  the  density  of  the  air  above  that  pobt.  If  the 
height  of  the  air  above  any  point  is  great  and  the  air  is 
den.««e,  the  pressure  is  great.  As  warm  air  is  not  so  dense 
as  cfild  air,  the  pressure  in  a  odd  region  is  usually  greater 
than  in  a  warm  region,  other  oooditionB  remaining  the 
same.  If  the  upper  air  becomes  heaped  above  a  point, 
tlie  pressure  at  that  point  is  increased.  Probably  the 
moiMure  of  the  air  has  some  slight  effect  upon  the  pressure. 

A  V  <  of  water  vapour  weighs  little  more  than  half  at 

nu.  ic  Mine  volume  of  either  osygen  or  nitrofBO— 
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the  two  chief  components  of  air.  In  a  mass  of  humid  air, 
water  vapour  replaces  some  of  the  oxygen  and  nitrogen; 
and  80  the  weight  of  the  mass  is  less  than  if  it  were  com- 
posed entirely  of  dry  air.  Thus  temperature  and  humidity 
both  play  a  part  in  producing  the  varj'ing  pressures  found 
at  different  portions  of  the  earth's  surface.  The  part 
played  by  temperature  is  much  the  greater  of  the  two, 
for,  as  we  shall  see  (Sec.  45),  the  changes  of  temperature 
disturb  the  balance  of  pressure  in  atljacent  regions,  and 
80  are  the  primary  causes  of  the  movements  of  the  air 
that  we  call  winds. 

41  .  The  measurement  of  the  pressure  of  the 
air. — While  changt'S  of  temperature  affect  man 
greatly,  he  is  entirely  unconscious  of  the  many 
changes  of  pressure  that  are  continually  occur- 
ring. Yet  to  the  man  who  wishes  to  forecast 
the  weather  or  to  understand  the  climate  of  a 
country,  the  changes  of  pressure  are  fully  as 
important  as  those  of  temp)erature.  Hence  it  is 
of  great  value  to  him  to  have  an  instrument 
that  will  measure  the  pressure  of  the  air  with 
a  high  degree  of  accuracy. 

Such  an  in.strument  is  called  a  barometer.  The 
kind  general!)'  used  is  the  mercurial  barometer.  In 
this  instrument  (Fig.  25)  the  pressure  of  the  at- 
;^l  mosphere  is  balanced  by  the  pressure  of  a  colunm 
kiij  of  mercury,  and,  as  the  atmospheric  pressure  in- 
)  ji  creases,  the  column  of  mercurj'  necessary  to  bal- 
^^M  aiice  it  increases  in  height.  Thus  the  height  of  the 
^m«^•~'  column  of  mercury  measures  the  pressure  of  the 
tMrometer  air.  At  the  level  of  the  sea  the  average  height 
of  the  mercury  column  is  about  thirty  inches.  Hence 
it  is  said  that  the  pressure  of  the  air  at  sea-level  is 
thirty    inches.      Mercury    is    used    in    the    barometer 
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chieHy  tM<;ius«»  its  <1«  nsity  is  .«j  groat  that  a  short 
column  of  it  is  Ik  :t\y  enough  to  balance  the  column 
of  air.  A  wnt.  r  taroraeter  would  have  to  be  about 
twelve  yards  long,  in  order  to  contain  a  column  of  water 
high  enou|^  to  balance  the  air  preasure.  Mercury, 
however,  has  one  decided  disadvantage.  Owing  to  the 
great  density  of  mercury  a  small  change  in  the  pressure 
of  the  air  eaases  so  slight  a  movement  of  the  mercury  that 
it  is  difficult  to  measure  it  accurately.  In  The  ISmei 
Office,  Iy)nclon,  England,  there  is  a  glycerine  barometer 
twenty-oigiit  foet  high,  the  readings  of  which  are  given  in 
that  newspaper  every  day.  An  increase  in  air  pressure 
that  causes  the  mercurj'  in  a  barometer  to  rise  an  inch, 
cau.s(>s  glycf'rine  to  rise  almost  a  foot;  hence  the  slightest 
changes  of  pressure  are  readily  detected  by  The  Timet^ 
barometer.  Another  disadvantage  of  the  mercury 
l^arometer  is  that  it  is  not  easily  carried  about,  though 
it  is  sometimes  constructed  in  a  portable  form.  A 
barometer  without  any  liquid  in  it  is  generally  used  by 
rxploKTB  when  making  observations.    Such  a  barometer 

railed  an  aneroid  barometer  (Greek  a,  not,  n«rot,  wet). 
ill  this  instrument  the  pressure  is  indicated  by  a  hand 
that  moves  on  a  pivot  around  a  graduated  dial.  Aneroid 
barometers  have  to  be  frequently  adjusted  by  comparing 
them  with  mercury  barometers.  Many  aneroid  baro- 
meters have  such  words  as  ''stormy,"  "rain,"  "fair," 
and  "very  dry,"  on  them,  but  such  words  have  little 
significance.  As  will  be  learned  later  (Sec.  M),  it  is  not 
the  prfssure  itself  that  indicates  the  kind  of  weather, 
but  rather  the  way  in  which  the  pressure  changes. 

42.  Prcasofc  and  altitude— The  pwure  of  the  air  is 
not  the  same  at  all  levels.  When  we  climb  a  OMMmtafai, 
for  instance,  the  amount  of  air  above  us  becomes  lea 
as  we  ascend,  and,  ooosequently,  the  pnaure  dhninislm 
also.    On  the  other  hand,  as  we  dewend,  the  pressma 
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of  the  air  inrroases.  For  heights  not  far  above  the  sea- 
level,  the  pressure,  as  measured  by  the  mercurial  baro- 
meter, decreases  one-tenth  of  an  inch  for  every  increase 
of  ninety  feet  in  elevation.  A  knowledge  of  this  fact 
enables  men  to  use  the  barometer  for  measuring  the 
altitude  of  mountains.  All  aeroplanes,  airships,  and 
balloons  carry  aneroid  barometers,  by  which  the  pilots 
can  tell  how  high  they  are  above  the  earth.  On  certain 
maps  of  different  parts  of  Canada  prepared  by  the 
Department  of  Militia  and  Defence,  it  is  stated  that  the 
elevations  shown  were  obtained  partly  by  means  of  an 
aneroid  barometer. 

As  an  indication  of  how  pressure  decreases  with  increa.se 
of  elevation,  a  table  of  localities  with  approximate  heights 
and  pressures  is  given. 

Locality  Altitude  Prc»gure 

Halifax.  N.S 0  .30  in. 

IngersoU,  Ont 900  ft.  29  in. 

Dundalk,      Ont..    (the    highest 

point  in  southern  Ontario)  ...  1704  ft.  28  in. 

Yellowhead  Pass,  B.C 3800  ft.  26  in. 

Colorado  Springs,  U.S.A 5900  ft.  24  in. 

Bogota,  Colombia 8200  ft.  22  in. 

Leadville,  Colorado 10600  ft.  20  in. 

Vincent,  Bolivia IGOOO  ft.  17  in. 

43.  Periodic  variations  in   prcsiore. — But  pressure  is 

not  dependent  on  altitude  alone.    The  pressure  at  the 

same  place  varies  from  day  to  day  and  from  hour  to  hour 

in  a  very  irregular  manner,  depending  on  changes  of 

temperature,     cloudiness,     humidity,    and    wind.     But 

besides  these  irregular  variations,  there  is  a  regular  slow, 

daily  change  from  a  maximum  to  a  minimum  pressure. 

When  other  conditions  which  affect  the  pressure  remain 

steady,  the  pressure  reaches  a  maximum  at  10  a.m.  and 

a  minimum  at  4  p.m.     In  the  equatorial  regions  of  the 

oceans,  where  disturbing  influences  are  few,  these  changes 

are  so  regular  that  one  could  almost  use  a  barometer  for 

telling  time. 


I 


ATMOSPHERE— PRESSURE  AND  CIRCULATION    71 

In  addition  to  the  irregular  variatians  and  the  regular 
daily  change,  there  is  also  a  regular  seaaonal  change. 
I>uring  the  summer  the  land  becomes  hot,  while  the 
water  remains  relatively  cool;  during  the  winter  the 
opposite  cuDiiitions  obtain,  the  land  becoming  much 
'K>ier  than  the  sea.  Accordingly,  over  the  land  the 
pressure  is  highest  during  the  winter  and  lowest  during 
the  summer,  while  over  the  sea  it  is  highest  during  the 
summer  and  lowest  during  the  winter. 

44.  Isobaric  maps. — As  daily  records  of  pressure  have 
hoen  kept  for  msuiy  years  at  thousands  of  stations  scat- 
red   over  the   world,  and   as   many  more  records  of 
pressure  taken  by  ships  in  almost  all  parts  of  the  oceans 
are  available,  it  is  possible  to  fmd  the  average  daily, 
lonthly,  and  yearly  pressure  for  almost  all  portions  of 
?ie  earth.     In  fact,  such  records,  based  on  more  than 
>urteen   million  observations,   were   oompiled   by   Dr. 
Buchan  m  1888,  and  entered  on  maps  of  the  world, 
tp  that  has  the  average  pressure  for  each  place 
d  on  it,  with  lines  drawn  through  places  of  equal 
ressure,  is  called    an  tMbarie  map,  and  the  lines  are 
ailed  itobarie  Una  or  itoban.     Figure  26  is  a  map  of  the 
vorld  showing  the  mean  annual  isobars.    This  map  shows 
the  following  general  distribution  of  pressure  over  the 
earth:    (a)  The  lines  run  in  a  general  east-west  direction 
and  are  more  regular  in  the  southern  than  in  the  northern 
hemisphere,      (h)  A  belt  of  low  pressure  encircles  the 
ropics.     (c)  Belts  of  high  pressure 
about   30"  north  and  30*  south 
latitude.    These  belts  have  peaks  of  still  higher  pressure 
the  oceans.    In  Asia  the  northern  high-|)ressure 
i!i  bent  northward,    (d)  South  of  the  southern  belt 
f  high  pressure  is  a  belt  of  low  pressure.    In  this  belt 
the  pressure  steadily  decreases  southward  as  far  as  the 
Antarctic  Circle;    beynod  this  there  appears  to  be  an 
p.  o.  • 
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of  preflsure.     The  low-prt^«iurc  cap  toward  the 
I'  >«'  is  not  so  marked,  probably  on  account  of  the 

large  masses  of  land  in  the  northern  hemisphere;  but 
over  the  ocean  there  is  a  steady  decrease  in  preesure 
toward  the  north  pole. 

The  General  Circulation  op  the  Atmosphere 

45.  Temperature  and  pressure. — Differences  of  atmo- 
spheric pressure  at  the  same  level  of  the  air  are  primarily 
caused  by  differences  of  temperature.  As  we  already 
know,  a  rise  in  temperature  causes  air  to  expand,  and 
ft  fall  in  temperature  causes  air  to  contract.  As  we  have 
seen  (Sec.  22),  the  air  receives  its  heat  chiefly  from  the 
Meat  of  the  sun  which  has  been  absorbed  by  the  earth's 
■  re.  Consequently,  the  lower  layers  of  the  air  are  the 
-  10  become  heated,  and,  a.s  they  expand,  the  higher 
air  is  pushed  upward  by  the  expansion  of  the  air  beneath, 
and  so  flows  outward  in  all  directions  from  above  the 
heattn!   iirfft    (Tig,    27^.      Sincf  tlif    ncfu-il    mass  of  air 


.     ■         >  niuaif»MtlM«MH»ofelrMlailMioralr 

n'    -  iecrsMed,  the  pressure  becomes 

1  h(*r«  the  healed  lower  air,  by 

its  upwn;  lused  an  outflow  of  air  at 

higher  l<  '  of  low  prmmut. 
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above  the  surrounding  r^oos.  Coosequently,  the 
weight  of  air  over  these  areas  is  greater,  and  so  the 
atmospheric  pressure  is  increased.  Such  regions  we  call 
areas  of  high  pressure. 

Because  of  the  increased  weight  above,  the  air  at  the 
surface  of  the  earth  in  a  high-pressure  area  is  compressed 
to  a  greater  extent  than  the  air  at  the  corresponding 
level  of  an  adjoining  low-pressure  area.  We  know  that 
the  compressed  steam  in  a  l>oiler  is  driven,  by  the  pressure 
to  which  it  is  subjected,  through  the  radiators  of  a  building, 
overcoming  in  its  progress  the  weaker  pressure  exerted 
by  the  air  in  the  pipes  and  radiators,  and  driving  the  air 
before  it.  In  somewhat  the  same  way  the  compressed  air 
at  low  levels  in  a  high-pressure  area  forces  its  way  inward 
toward  the  low-pressure  area.  This  inflow  of  cooler, 
denser  air  at  low  levels  forces  the  warmer,  rarer  air 
upwards,  takes  its  place,  and  then,  itself  becoming 
heated,  is  forced  upward  in  its  turn. 

In  this  way  a  circulation  of  air  between  a  low-pressure 
area  and  surrounding  high-pressure  areas  is  begun.  As 
long  as  the  supply  of  heat  is  maintained,  the  circulation 
continues.  Such  air  movements,  caused  by  differences 
of  temperature  in  adjacent  areas,  are  known  as  convection 
currents. 

Let  us  now  summarize  briefly  the  chief  points  to  be 
remembered  regarding  convection  currents.  Wherever 
adjacent  regions  have  different  temperatures,  definite 
pressure  changes  and  air  movements  result.  In  a  region 
of  comparatively  high  temperature,  a  low  pressure  is 
produced,  accompanied  by  inflowine  winds  close  to  the 
earth's  surface  and  by  an  upward  and  outward  move- 
ment of  the  air  at  higher  levels.  In  a  region  of  com- 
paratively low  temperature,  a  high  pressure  is  develop>ed, 
accompanied  by  outflowing  winds  close  to  the  earth's 
surface  and  by  inflowing  air  movements  at  higher  levels. 
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Surface  winds,  therefore,  invariably  move  from  areas  of 
high  pressure  toward  areas  of  low  pressure. 

46.  The  effect  of  the  earth's  rotation  upon  atmotphenc 
pressure. — If  we  apply  these  principles  to  the  earth  as  a 
whole,  we  should  expect  to  find  a  slow  but  steady  incrsaae 
of  pressure  from  the  equator  to  the  poles,  c<MTesponding 
with  the  decrease  of  temperature.  But  the  map  of  the 
world  showing  the  annual  isobars  (Fig.  26)  indicates 
clearly  that  such  is  not  the  case.  The  distribution  of 
temperature  over  the  earth's  surface  accounts  for  the 
low-pressure  area  in  the  repon  of  the  equator,  but  fails 
to  account  for  the  two  high-pressure  belts  at  30°  north 
and  30*  south  latitude  or  for  the  low-pressure  belts  found 
north  and  south  of  these  areas.  For  an  explanation  of 
these  phenomena  we  must  seek  another  cause. 

The  rotation  of  the  earth  affects  the  direction  of  winds' 
blowing  over  its  surface.  In  the  northern  hemisphere 
it  deflects  winds,  no  matter  in  what  direction  they  are 
blowing,  to  the  right  of  their  course  ;  in  the  southon 
beiniq>bere,  to  the  left  of  their  course.  This  is  called 
FareTi  Lnw^  as  William  Ferrcl,  an  American  school 
teacher,  first  gave  an  adequate  explanation  of  the 
deflection  of  winds  by  the  rotation  of  the  earth.  80 
far  a.s  north  and  south  winds  are  concerned,  this  law 
means  that  winds  blowing  toward  the  equator  in  either 
hemiepliere  are  deflected  toward  the  weet,  while 
winds  blowing  toward  the  poles  in  either  hemiephere 
are  deflected  toward  the  east.  Wind*  blowing  toward 
the  east  in  either  hemisphere  are  de6eeted  toward  the 
equator,  while  winds  blowmg  toward  the  wett  are  de6eeted 
away  from  the  equator. 

Let  us  DOW  take  this  new  factor  into  aeoount.  The 
heated  area  of  the  equatorial  belt  produoea  an  area  of 
knr  preMure,  from  which  outflowing  eurmta  at  hi|^ 
levels  move  poleward,  juit  as  we  sbould  SKpeei  from  our 
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knowledge  of  convection  currents.  But  these  upper  air 
currents  are  deflected  more  and  more  toward  the  east 
(see  Ferrel's  Law).  Between  30**  and  40"  north  and 
south  latitude,  the  deflection  becomes  so  great  that  the 
poleward  movement  is  much  retarded,  and  the  upper  air 
currents  move  around  the  world  in  a  more  easterly  direc- 
tion, nearly  parallel  with  the  equator.  Consequently, 
the  upper  air  moving  from  the  equator  tends  to  accumu- 
late in  these  latitudes,  producing  two  belts  of  very  high 
pressure  at  the  surface  of  the  earth.  Furthermore,  these 
great  swirls  of  air  circling  around  the  earth,  one  with 
the  north  pole  as  the  centre  about  which  it  circles,  the 
other  with  the  south  pole,  tend  to  reduce  the  amount  of 
air  near  their  centres,  exactly  as  a  swirl  of  water  in  a  basin 
reduces  the  amount  of  water  in  its  centre.  This  pro- 
_*-^  ,  ♦--.  duces    the    low- 

pressure    area 

/V^^^7f:?i-<'5s4::i-^^^-:i^^^  found  on  the  pole- 

f. ,//  /  »«t.-i .-'  -"•«-"  /^lisv.  \         ward  side  of  each 

of  the  great  high- 
pressure  belts, 
and  helps  to  build 
up  the  two  high- 
pressure  belts  as 
well. 

47.  The  general 
circulation  of  the 
atmosphere.  —  In 
order  to  under- 
stand the  general 
circulation  of  the 
air,  the  following 
two  rules  must  be  applied:  {a)  All  winds  blow  from  high- 
pressure  areas  toward  low-pressure  areas,  {h)  These 
winds  never  blow  direct  y  toward  low-pressure  areas,  but 
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the    geoeral 


Fig.   2S. — Diagram   reprewotlng 
atmospheric  circulation.     The  thin  arrowt 
represent  the  aurface  winds,  the  tliiclc  arrows 
the  upper  air  curreots 
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are  deflected  toward  the  right  in  the  northern  hwnuyhere 
and  toward  the  left  in  the  southern  hmaaBfhtn, 

Figure  28  illustratee  the  general  circulation.  From  a 
ftudy  of  it  the  fi^wing  winds  can  be  recognised: 

(a)  The  Irade-wituU,  blowing  from  the  high-piMrare 
belts  near  the  tropics  to  the  low-treasure  belt  at  the 
equator,  but  deflected  to  the  west  because  of  the  rotation 
of  the  earth. 

(6)  The  wedeHmj  blowing  from  the  hic^-pressure 
belts  at  the  tropics  toward  the  low-pressure  belts  near 
the  poles,  but  deflected  to  the  east  (see  Ferrel's  Law). 

(r)  The  upper  eur  currents,  flowing  from  the  equator 
toward  the  poles,  but  quickly  deflected  to  the  east  like 
the  westerlies. 

The  trade-windi  are  continually  bringing  air  from 
tropical  regioiis  toward  the  equator.  This  air  does  not 
accnmiilate  at  the  equator,  but  is  carried  upward  by 
fnrpMMBon,  Tb^efore  in  that  region  there  are  continiioiii 
ascending  air  currents.  Since  ascending  air  currents  are 
not  felt  as  winds  at  the  surface  of  the  earth,  this  regioii 
forms  a  brit  of  calms,  called  the  doMriMU,  or  Sfnolonaf 
adm». 

At  the  high-pressure  belts  near  the  tropics,  winds  are 
blowing  out  toward  both  the  poles  and  the  equator. 
Consequently,  in  these  belts  there  mutt  be  a  deaoiiKting 
etuTcnt  to  siq>ply  air  for  these  surface  winda.  Aa  d»> 
arwidmg  air  currents  are  not  felt  aa  winda,  theae  beUa, 
also,  are  regions  of  calms.  They  are  nauaUy  spoken  of 
as  the  Aofw  latitudm^  or  tropkal  eaJsM.  As  there  are 
both  a  aurfaee  wind  and  an  upper  ab  current  btowing 
from  the  horse  Utitudes  toward  the  poles,  there  muat 
be  an  iBtennediate  counter  eurmt  bbwing  from  the 
polea,  aa  otharwise  air  would  acenmulata  at  tbMa  latter 
points. 
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The  belts  of  winds  and  calms  are  not  staiionarv,  1  ut 
migrate  north  and  south  with  the  seasonal  progl•-^^  <>f 
the  sun  (Fig.  29). 

lUtV  ntCtMtCO 


Pig.  29.— Diacmna  to  show  the  shlfUiig  of  the  wind  belta 
between  July  and  December 

The  foregoing  must  be  considered  as  only  a  partial  de- 
scription of  the  general  circulation,  which  is  in  reality 
much  more  complex  than  is  here  indicated.  Recently 
it  has  l>een  discovered  that  there  are  not  merely  two 
air  currents  in  the  equatorial  regions,  namely,  the  trade- 
winds  and  the  upper  air  currents  already  described,  but 
no  fewer  than  five  currents  at  different  levels. 

48.  Effects  of  the  distribution  of  land  and  water  on 
pressure  and  winds. — The  circulation  of  the  air  is  affected 
by  many  other  factors.  One  of  the  chief  of  these  is  the 
distribution  of  land  and  water.  This  factor  produces 
both  daily  and  seasonal  changes.  During  the  day  the 
land  warms  more  quickly  than  adjacent  water.  Conse- 
quently, the  land  becomes  an  area  of  comparatively  low 
pressure,  and  a  wind  blows  from  the  water  to  the  land. 
This  wind  is  called  a  sea  breeze.  At  night  the  land  cools 
to  a  lower  temperature  than  the  adjacent  water,  and  a 
wind,  called  the  land  breeze,  blows  from  the  land  toward 
the  water.    These  winds  are  familiar  to  all  who  live  close 
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to  the  shores  of  the  Great  Lakes,  but  are  moat  marked 
in  small  oceanic  islands  and  akng  the  sea-coast.  Tlie 
fisherman  takes  advantage  of  the  land  breese  to  cany 
his  sailing-boat  to  the  fiahing-grounds  in  the  early 
morning,  and  of  the  sea  breese  for  the  return  trip  in 
the  afternoon.  During  the  summer  the  land  is  wanner 
than  the  sea,  and  the  winds  tend  to  bk>w  fnHn  the 
sea  to  the  land.  During  the  winter  the  sea  is  warmer 
than  the  land,  and,  oooBequently,  the  winds  tend 
to  blow  from  the  land  to  the  sea.  The  effect  ci  the 
large  land  mass  of  Asia  oa  wmds  and  pressure  is  very 
great.  During  the  summer,  when  the  sun  shines  almost 
vertically  on  the  vast  plateau  in  its  interior,  this  regiaQ 
becomes  an  area  of  very  low  pressure,  lower  even  than 
that  at  the  equator  to  the  south.  As  a  result,  the  south- 
east trade-wind  crosses  the  equator  (Fig.  30),  turns 
toward  the  east,  and  blows  over  India  and  south-eastern 
Asia  as  a  south-west  wind.  This  wind  blows  steadily 
throughout  the  summer,  while  during  the  winter  the 
north-east  trade-wind  blows  from  the  opposite  direction. 
Because  the  winds  of  this  region  blow  from  one  direction 
dur  inmer  and   from  the  opposite  directaon 

dur  ' r>r,  they  are  called   Monarxmt,    an  Asiatie 

word  whici  seasons.    Wherever  the  trade-winds 

* '  '  r  they  are  deflected  (see  Ferrel's 

u<nially  produced.    For  example, 
the  inU>rior  of  leated  to  a  very  high  degree 

dur  'o  February)  and  beeomei 

a  R.   26).      Under  these 

comiiti  i  crosses  the  equator 

''   rn  Australia, 
to  August) 


the  trade- wind  blows  from  the  south-«ast, 

well  d.  '     MonsooM  als<<  "       '>n  the  coast  of 

the  Gw.  linea  in  Weil  Afr>  .  m  the  regka  ol 
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the  Gulf  of  Mexico;  but  in  these  regions  they  are  not  eo 
well  defined.    All  theee  winds  are  shown  in  Figure  29. 

The  Winds  and  Calms 

49.  The  trade-winds. — The  trade-winds  are  undoubt- 
edly the  most  im{)ortant  of  all  the  winds.  They  blow 
between  30°  north  latitude  and  30°  south  latitude,  thus 
covering  almost  one-half  of  the  surface  (A  the  earth. 
In  Canada  the  direction  of  the  winds  at  any  one  locality 
often  changes  from  day  to  day.  In  the  trade-vtnnd  belt, 
on  the  contrary,  it  is  not  unc<Mnmon  to  have  the  same 
steady  wind  for  weeks  together,  especially  on  the  sea. 
On  the  land  the  trade-winds  do  not  blow  so  r^ulariy 
as  on  the  sea,  but  even  there  they  are  much  more  constant 
than  the  tiHnds  of  Canada.  The  climate  of  the  trade- 
wind  belt  on  the  sea  and  on  lowlands  is  the  simplest  and 
most  regiilar  in  the  world.  There  it  is  not  necessary  to 
give  forecasts  of  the  weather,  for  one  can  be  almost 
cert^n  that  to-morrow  will  be  much  like  to-day  and 
yesterday.  A  beautiful,  clear  sky  with  little  rain,  an 
even  temporature  varying  little  from  day  to  day  or  from 
month  to  month,  and  a  cool,  refreshing  breese  of  from 
ten  to  thirty  miles  an  hour,  blowing  from  the  north- 
east or  from  the  south-east,  make  this  belt  unique.  These 
winds  have  a  marked  influence  on  the  world,  politically, 
commercially,  and  physically.  Their  steady  power  car- 
ried many  daring  navigators  to  new  lands.  It  was  in 
thf  path  of  the  north-east  trade>wind  that  Columbus  was 
carritHl  to  America.  These  winds  have  had  great  in- 
fluenrc  on  trade,  as  saikyrs  paring  to  India,  Australia, 
and  South  America  have  alwaya  chosen  the  routes  that 
would  bring  to  their  akl  the  steady  winds  of  the  trade- 
wind  belt. 

Still  more  important  is  the  effect  of  the  trade-winds 
on  dfanate.    As  they  bknr  toward  the  equator,  th^y 
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grow  steadily  warmer,  and  hence  become  drying  winds. 
Consequently,  where  they  blow  over  the  ocean  or  over 
lowlands,  there  is  little  or  no  rain.  Indeed,  most  of  the 
great  deserts  of  the  world  are  due  to  these  drying  winds. 
For  example,  ahnost  all  the  great  deserts  of  Au«tralia, 
southern  Asia,  Africa,  and  western,  south,  and  middle 
America  are  in  the  trade-wind  belt.  However,  where 
the  trade-winds  strike  sloping  land  surfaces,  which 
cause  them  to  be  deflected  upward,  the  air  is  cooled, 
and  the  resulting  rainfall  is  copious.  Therefore  the 
windward  sides  of  mountains  that  stand  in  the  course 
of  the  trade-winds  have  heavy  rainfall,  while  the  leeward 
sides  are  deserts.  This  is  the  condition  of  the  Andes 
west  of  Brazil,  of  the  mountains  of  Mexico  and  Centr;il 
America,  and  of  such  mountainous  islands  as  Hawaii, 
Madagascar,  and  Teneriffe. 

50.  The  doldrums. — Between  the  two  tracio-wind  belts 
lie  the  doklrunm — one  of  the  most  uncomfortable  regions 
in  the  world.  Sailors  breathe  a  sigh  of  relief  when  their 
ships  escape  from  its  tenacious  grip,  but  the  less  fortunate 
landsmen  have  to  endure  its  enervating  monot<jny. 
Here  the  trade-winds  meet,  and,  consequently,  there  is 
a  steadily  ascending  current  of  air.  As  has  been 
explained  in  Section  34,  an  upward  current  produces 
cloudiness  and  rain.  Here  are  light,  baffling  breezes  and 
frequent  calms.  Each  afternoon  or  evening  the  lend  m 
overcast  sky  pours  down  torrents  of  rain,  accompam  i 
by  the  most  violent  thunder  and  lightning.  In  fact,  so 
heavy  is  the  rainfall  that  the  surface  water  of  the  sea  is 
much  less  salty  here  than  in  the  trade-wind  belts  to  the 
north  and  the  south.  As  the  doldrums  move  north  and 
south  with  the  sun  (Fig.  29),  certain  regions  within 
their  range  have  annually  two  rainy  seasons,  each  fol- 
lowed by  a  dry  season  (Sec.  65). 
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51.  The  westerlies. — The  westorlieii  blow  beyond  the 
tropics  in  a  north-easterly  direction  in  the  northern 
hemisphere,  and  in  a  south-easterly  direction  in  the 
;H>uthi'm  hemisphere.  In  the  repon  of  the  westerlies 
conditions  are  very  diflferent  from  those  in  the  trade- 
wind  belt.  The  winds  are  not  nearly  so  regular,  some- 
times  even  blowing  from  all  points  of  the  ccmipass  in  a 
single  day.  Storms,  in  the  form  of  great  cyclonic  whirls, 
move  over  this  region  from  west  to  east,  producing 
frequent  variations  of  weather  in  a  short  space  of  time 
(Chapter  Vl).  Rainy  and  clear  weather  occur  much 
less  regularly  than  within  the  trade-wind  belt.  In  the 
southern  hemisphere,  where  there  is  lees  land,  the 
westerlies  an?  much  steadier  and  of  gpneater  velocity  than 
in  the  northern  hemisphere.  There  they  are  called  the 
"brave  west  iiinds,"  and  the  region  in  which  they  blow 
\s  known  as  the  Roaring  Forties.  In  the  region  of  the 
westerlies  the  west  sides  of  the  continents  have  the 
greatest  precipitation,  while  there  is  a  steady  decrease  of 
rainfall  toward  the  centre  of  the  continents  or  beyond. 

52.  The  tropical  calms. — Lying  between  the  regions  of 
the  trade-winds  and  the  westerlies  are  the  tropical  calms 
or  horse  latitudes.  As  the  winds  blow  out  both  north 
and  south  from  each  of  these  belts,  there  must  be  a 
settling  down  of  the  air  from  above,  to  replace  that  which 
goe«)  to  form  the  trades  and  the  westerlies.  DesoakUng 
cum>nu  become  wanner  and  more  drying  and  so  evm|>- 
orate  any  clouds  that  may  be  in  the  sky  (See.  34). 
Accordingly,  this  is  a  rainlesB  regioii  of  deiir  skies,  and 
of  light  winds,  variable  in  direction  and  of  low  velocity. 
Calms  are  very  frequent.  SailocB  do  not  dread  the 
tropical  calms  so  much  as  the  doldrums,  for,  although 
the  temperature  is  high  and  the  winds  uncertain,  the 
air  It  not  so  humid  and  dfipwwing      Then  eafans,  lik« 
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the  doldrums,  migrate   north  and  soufh  wlfli   fho   sun 
(Fig.  29). 

53.  The  monsoons. — The  monsoons  blow  throughout 
the  summer  in  one  direction  and  throughout  the  winter 
in  the  opposite  or  nearly  opposite  direction.  In  southern 
Asia  they  blow  during  the  summer  from  the  south-west, 
across  India  to  beyond  the  Himalayas.  As  they  blow  over 
the  Indian  Ocean  from  the  south,  they  become  warm 
and  moist.  When  they  are  forced  upward  by  the  slopes 
of  the  mountains,  very  heavy  falls  of  rain  and  snow 
result.  India  is  dependent  on  this  precipitation  for  the 
growth  of  its  crops.  If  the  summer  monsoon  fails,  as  it 
occasionally  does,  the  crops  are  likely  to  be  ruined. 
Formerly  the  failure  of  the  monsoon  would  cause  the 
death  of  miUions  of  the  inhabitants,  but  now,  as  much 
water  is  stored  in  re8er\'oirs  and  distributed  through 
great  irrigation  works,  the  results  are  less  disastrous. 
During  the  winter  the  north-east  monsoon  blows  down 
from  the  great  plateau  of  Central  Asia,  bringing  cool, 
dry  weather.  Before  steam-jwwer  made  sailors  inde- 
pendent of  the  wind,  the  monsoons  had  a  marked  influence 
on  the  routes  of  vessels.  For  example,  ships  from  Europe 
formerly  could  make  only  one  round  trip  a  year  to  the 
Indies,  as  they  were  compelled  to  go  with  the  south- 
west monsoon  and  return  \N'ith  the  north-east  monsoon. 

Practical  Exercise 

To  study  the  distribution  of  pressure  from  a  map  of  the 
world  showing  annual  isobars. —  Figure  26  is  a  map  of  the 
world  with  the  mean  annual  isobars  marked  on  it.  What 
is  the  general  direction  of  the  isobars  ?  Do  they  run 
north  and  south  for  any  great  distance  ?  Do  the  lines 
run  more  regularly  in  the  northern  or  in  the  southern 
hemisphere  ?  Where  are  the  two  most  extended  high- 
pressure  belts?     These  are  the    Northern  Tropical  High 
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and  i.M  .^.tithem  Tropical  High.  Which  is  the  more 
regular,  the  Northern  or  the  Southern  Tropical  High  ? 
Give  the  reason.  Are  the  Tropical  Highs  wider  over 
the  oceans  or  over  the  continents?  What  exception 
is  there  ?  Where  is  the  Northern  Tropical  High 
widest  ?  Where  are  the  "  peaks  "  in  the  Tropical  Highs  ? 
What  relation  have  the  "  peaks  "  to  the  west  coasts  of 
the  contiiients  7  What  pressures  are  found  on  each  «de 
of  the  equator?  This  region  is  the  Equatorial  Low. 
Where  is  the  Equatorial  Low  widest?  In  what  two 
regions  has  it  the  lowest  pressure  ?  Describe  the  pres- 
sures in  the  region  south  of  the  Southern  Tropical  Low. 
No  records  are  marked  beyond  60"  south  latitude.  Why  ? 
What  pressures  would  you  expect  to  find  in  this  region  ? 
I.H  there  a  similar  condition  in  the  Arctic  regions  ? 
Where  is  the  highest  pressure  found  ?  Does  temperature 
a\oae  determine  pressure?  State  your  reasons  if  you 
think  that  it  is  not  the  chief  factor.  Have  land  and 
water  any  effect  in  determining  pressure  7  If  so,  describe 
and  account  for  their  influence. 

QUESTIONS 

1.  The  reading  of  an  anaroid  baromeUr  at  the  lurfaoe  of 
Um  earth  it  39.05  inobas.  At  the  bottom  at  a  mine  it  is  3080 
inohaa.  What  is  the  i^yproadmate  depth  of  the  mine  7  (See. 
42) 

2.  An  aneroid  barometer  registers  20.56  faiehes  at  the  baae 
of  a  hill  2.500  feet  high.  What  b  ito  reading  at  the  top  of 
the  hUl  7     (See.  42) 

3.  Borneo.  Ceyloa.  the  Philippinea.  and  the  FaUdaads 
are  aU  mouatainotts  islaads.  WUeh  side  of  the  mmiataias 
rsedTea  the  moat  rain  7    Give  the  reaooo  la  eeeh  ease. 

4.  Aoeoont  for  tha  fact  that  northern  Chile  Is  a  desert 
while  soathera  Chile  has  aa  abuadaat  raiafalL 

5.  The  prevailiag  wiada  have  largely  delenaiaed  the 
looatioa  of  the  ehief  settleawts  la  Australia.  Show  thii 
sutemeat  to  be  true. 
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6.  Panama  has  one  rainy  mmoo,  Bogota  has  two.  When 
do  these  rainy  seasons  occur  ?   Give  reasons  for  your  answer. 

7.  Why  is  one  side  of  a  mountain  range  usually  well 
watered,  while  the  other  is  dry  ? 

8.  Sailing  vessels  make  the  voyage  from  England  to 
Australia  around  the  Cape  of  Good  Hope  and  return  across 
the  Pacific  and  around  Cape  Horn.  Why  do  ships  take  these 
routes? 

9.  The  sailing  route  from  Australia  to  Vancouver  is  north- 
east to  the  equator,  then  north-west  from  the  equator  to  the 
horse  latitudes,  then  north-east  to  Vancouver.  What  advan- 
tages are  derived  from  taking  this  route  7 
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WEATHER 
Cyclones  and  Anticyclonbs 

54.  Nature  of  cydoocs  and  antkyclooca. — You  haye 
often  noticed  little  whirls  or  vortexes  of  water  moving 
along  in  the  current  of  a  stream.  On  a  sunmier  day 
when  the  roads  are  dusty,  a  vortex  of  dust-laden  air  is 
frequently  seen  above  the  road,  moving  along  before  the 
wind.  If  we  could  look  down  from  above  upon  the 
atmosphere  of  the  earth,  and  if  we  could  see  the  motions 
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of  the  air,  we  should 
observe  a  procession 
of  huge  vortexes,  each 
from  1,000  to  2,000 
miles  in  diameter, 
drifting  around  the 
world  from  west  to 
east  in  the  westerly 
winds.  OocasionaUy 
we  should  see  a  vortex 
weaken  and  disap- 
pear; again  we  should 
see  others  gradually 
form  and  take  their 
places  in  the  prooes- 

sk»  eastward.  This  procussioa  of  air  Tortexes 
over  a  place  determines  its  weather.  Sinee  these  vortexes 
move  with  a  certain  regularity  and  can  be  kwated  by 
means  of  the  barometer,  we  can  forseast  the  weather  in 
the  temperate  aone  with  fair  accuracy. 
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If  the  preasure  of  the  air  in  one  region  becomes  slightly 
lower  than  in  the  surrounding  regions,  air  currents 
at  once  begin  to  move  from  all  sides  toward  the 
region  of  low  pressure,  even  though  the  difference  in 
pressure  is  so  small  that  a  barometer  would  scarcely 
detect  it  (Fig.  31).  On  account  of  the  rotation  of 
the  earth  these  air  currents  are  all  deflected  to  the  right 
in  the  northern,  and  to  the  left  in  the  southern  hemi- 
sphere (Sec.  46).  Because  of  this  deflection  the  winds 
move  spirally  toward  the  depression.  There  are  two 
important  effects  of  the  centrifugal  force  caused  by  this 
spiral  movement,  (a)  As  the  winds  advance  toward 
the  centre  of  the  whirl,  their  velocities  increase,  (h)  The 
pressure  toward  the  centre  of  the  vortex  is  decreased, 
while  toward  the  margin  it  is  increased.  Accordingly, 
the  barometer  registers  a  region  of  low  pressure   at  the 

centre  of  such  a 
whirl.  Thus  the 
pressure  conditions 
which  we  noted  as 
essential  for  the  set- 
ting of  air  currents 
in  motion  are  inten- 
sified by  the  winds 
so  caused.  As  the 
^Tnd  blows  spirally 
inward,  the  crowd- 
ing together  of  the 
air  is  relieved  by  an 
ascending      current. 

Fig.  32. — The  elementa  In  a  cyclone  which,  though  occur- 

ring in  all  parts  of  such  a  whirl,  becomes  more  pro- 
nounced toward  the  centre.  As  was  learned  in  Section  34, 
ascending  currents  become  cool,  producing  clouds  and  pre- 
cipitation.    Accordingly,  toward  the  central  part  of  such 
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a  vort4»x,  cloudy  weath*»r  with  rain  is  usually  experienced 
(Fig.  32). 

When  a  region  has  a  slightly  higher  pressure  than 
surrounding  regions,  the  air  blows  spirally  outward  from 
that  region.  As  in  such  a  vortex  the  wind  is  moving 
outward  from  the  centre,  the  air  must  be  supplied  from 
above  by  a  descending  air  current.  Such  a  high-pressure 
area  with  descending  air  currents  \iill  have  clear  weather 
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(Sec.  34).  Figure  33  shows  the  winds  in  a  low-preesure 
and  in  a  high-preasure  area,  side  by  side.  The  great 
spiral  inflow  of  air  toward  a  central  low-pre«ure  region 
is  called  a  cycUmr,  and  the  great  qural  outflow  from  the 
region  of  hi^  preeiture  is  called  an  antieydone. 

Ill  r(>  34  shows  a  part  of  North  America,  with  a  cyclone 
i'\  IT  i-^astem  Canada  and  an  anticyclone  over  the  Central 
Mississippi  States.  The  isobars  are  marked  in  continuous 
lines.  The  pressure  at  the  centre  of  the  low  is  29.5  in. 
and  at  the  centre  of  the  high  30.5  in.  In  front  of  the 
low  the  winds  blow  from  the  south  and  south-east  and 
bring  warm  weather.    As  the  centre  of  the  osrelooe  is 
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approached,  the  aseending  currenta  produce  cirrus  clouds, 
then  cumulus  and  stratus  clouds,  and,  finally,  nimbus 
clouds  with  rain  or  snow  (Fig.  32).  As  the  centre  of 
the  low  is  passed,  the  v^-ind  rapidly  changes  from  south 
and  south-east  to  north  and  north-west.  This  brings 
cool  weather.  The  rear  of  the  cyclone  becomes  the 
front  of  the  anticyclone.  This,  with  its  descending  air 
curn'nts,  brings  a  clear  sky  and  cool  weather. 

While  the  front  of  a  cyclone  usually  brings  precipitation 
in  the  winter,  in  the  summer  it  generally  brings  only  a 
period  of  hot,  sultry  weather,  which  is  frequently  accom- 
panied by  thunder-storms.  In  the  summer  the  front  of 
the  cyclone  sometimes  brings  a  very  hot  ^ind  from  the 
south,  called  a  hot  toare.  At  the  front  of  the  antic>'clone 
in  the  winter  are  north-west  winds,  which  blow  from  the 
cold  interior  of  Western  Canada  and  sometimes  extend 
far  to  the  south,  even  reaching  the  Gulf  States,  where  they 
produce  what  is  called  a  cold  trare.  If  the  cold  wave  is 
accompanied  by  high  winds  and  fine  now,  a  bltMiard 
occurs.  Such  a  storm  often  catises  considerable  Ion  oo 
ranches  in  the  western  part  of  Canada  and  the  United 
States. 

As  cyclones  and  anticyclones  foOoiw  regular  tracks 
across  the  continent,  it  is  possible,  by  a  study  ci  the 
position  and  the  character  of  the  eyckaies  and  anti- 
cyckmea,  to  forecast  the  weather.  Figaree  36  and  37 
show  the  tracks  of  cyclones  and  anticyckmes  across  the 
continent,  the  thickness  of  the  line  being  proportional 
to  the  number  of  timet  that  track  is  and.  Figure  85 
shows  the  positk>n  of  the  higfaa  and  the  tows  on  the  day 
succeeding  the  one  whoae  highs  and  kma  are  shown  in 
Figure  34. 

55.  Tropical  cyclones  and  hurTicanat.~//iirriieaiiM  are 
violent  cyclonic  storms  that  originate  in  or  near  the 
doUnuns  in  certain  parts  of  the  world,  and  cause  much 
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CourUsy  of  Tkt  Maemillam  Co. 
Fig.  35. — Tho  Van  Cleef  syatwn  of  storm  tracks  aero—  Canada  and 
the  United  State*.     Twenty-«evon  tracks  are  repreaented 


Courtesy  of  Tk*  MaemQIan  Co. 
Fiff.  SO. — ^Tbe  Van  Cleef  ■jrstem  of  tracks  for  highs  across  Canada  and 
the  United  State* 


WEATHER  93 

damikge  on  land  and  sea.  Their  general  motions  are 
similar  to  thoM>  of  cyclones,  but  their  siae  is  much  analler 
and  the  violence  of  their  winds  much  greater.  In  all 
parts  of  such  storms  except  the  centre  there  are  torrential 
rains,  accompanied  by  thunder  and  lightning.  The 
centre,  or  eye,  of  the  hurricane  is  a  quiet  region  with 
little  wind  and  a  cloudless  sky.  In  the  northern  hemi« 
sphere  hurricanes  move  north-west  through  the  trade- wind 
belt,  bend  at  right  angles  at  the  horse  latitudes,  and 
move  to  the  north-east  through  the  belt  of  westerly 
winds  (Fig.  38).  Usually  by  the  time  they  reach  tem- 
perate regicms  much  of  their  force  is  dissipated.  Hurri- 
canes occur  in  only  five  parts  of  the  world  (Fig.  38) — 
in  the  West  Indies,  in  the  Arabian  Sea  and  Bay  of  Bengal, 
in  the  East  Indies,  in  the  Indian  Ocean  east  of  Madagascar, 
and  fast  of  Australia. 

56.  Thunder-storms. —  It  has  been  stated  (Sec.  54) 
that  in  the  winter,  rain  or  snow  usually  occurs  during 
the  passage  of  a  c>'clone.  In  the  sununer,  on  the  other 
hand,  there  is  frequently  no  steady  rain,  but  hot,  sultry 
weather.  Very  frequently,  however,  the  hot  sultry 
weather  of  a  cyclone  is  accompanied  by  a  thunder- 
storm. The  day  has  been  close,  quiet,  and  de|Nreesing, 
the  sky  is  hasy,  and  scattered  cirrus  clouds  are  visible. 
Early  in  the  afternoon  ctmiulus  clouds  appear  in  the 
westv  grow  rapidly  m  size,  and  soon  extend  hi^  in  the 
air.  Such  large  cumulus  clouds  are  called  thrndtt' 
hmd*.  Soon  distant  thunder  b  beard.  A  gmtle  wind 
blows  toward  the  thunder-heads,  the  bottom  of  which  it 
now  dark,  as  rain  is  falling  from  it.  Now  the  thunder- 
heads  are  directly  overhead,  darkening  the  sun  and 
relieving  the  oppwive  dosenem.  Juat  beneath  the 
thunder-heads  is  seen  the  narrow,  turbulent,  blue-drab 
mpiaU-doud,  As  the  squall-cloud  oomea  overhead,  a 
few  big  drops  of  rain  fall,  or  perhapa  a  dMnrer  of  hail 
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occurs.  The  gentle  breese  toward  the  storm  is  replaced 
by  a  \nolent  outrush  of  wind  from  the  west,  called  the 
uiiui-mpiall,  which  lasts  only  a  few  minutes.  Now  the 
rain  is  falling  in  torrents,  accompanied  by  vivid  lightning 
and  crashes  of  thunder.  After  a  short  time,  perhaps  half 
an  hour,  the  violence  of  the  rain  diminishes,  the  clouds 
l)egin  to  clear,  and  the  thunder  is  heard  dying  away  in 
the  distance.  Then  the  sun  shines  forth  in  a  blue  sky, 
while  the  thunder-heads  of  the  storm  can  be  seen  moving 
forward  away  to  the  east. 

Figure  39  represents  the  cross  section  of  such  a  storm 
from  the  side.     Arrows  indicate  the  directions  of  the  air 


'  ihiTdlrartioM  of  Q»  wtnds^ 
w«Ath«r  at  «*ch  part  of  ilw  uninopr 


ImitinilMl 
jpedally  in  the 


currents,  which  are  quite  complii^.:. 
neighbourhood  of  the  squalWbud. 

A  thunder-storm  is  usually  caused  by  the  intanse  heating 
of  a  small  region,  leading  to  a  rapid  aeoension  of  msMes 
of  hot,  humid  air.  This  ascension  te  accompanied  by  a 
cooling  of  the  air,  causing  rapid  condenition,  which 
forms  cimiulus  clouds.  A  continuance  of  the  oondaaa- 
tiun  produces  thunder-heads  and  thn  heavy  rainfall. 

57.  Tornadoes.— In  addition  to  the  csrdone,  2,000 
miles  in  diameter,  and  the  hurricane,  900  to  500  milee 
in  diameter,  both  with  a  vortex  motion,  there  is  the 
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tomadOf  with  &  diamcw  i  .li  ;i  it  \\  uiiiiummI  yards,  which 
has  the  most  violent  vortex  motion  of  all  storms.  Tor- 
nadoes are  whirlwinds  that  move  across  the  country, 
leaving  a  swath  of  destruction  behind  them.  Houses  are 
blown  to  pieces  or  liftetl  bodily  into  the  air,  trees  are 
snapped  off,  even  cars  and  locomotives  are  sometimes 
blown  from  the  tracks.  At  a  distance  a  tornado  looks 
funnel-shaped  (see  p.  101)  against  the  horizon.  The 
velocity  of  the  wind  within  the  whirl  is  probably  500 
miles  an  hour,  although  it  has  never  been  measured,  as 
no  instruments  can  %vithstand  the  violence  of  the  wind. 
This  spiral  wind  produces  such  centrifugal  force  that,  in 
the  centre  of  a  tornado,  the  pressure  probably  drops  to 
fifteen  inches.  So  low  is  this  pressure  that,  in  the  centre 
of  a  tornado,  corks  are  blown  out  of  bottles,  and  boxes 
.and  trunks  explode  outwards.  In  fact,  this  sudden  and 
extreme  decrease  of  the  pressure  is  the  cause  of  much 
of  the  damage  produced  by  a  tornado,  for  the  diminished 
pressure  on  the  outside  of  houses  and  other  buildings 
causes  them  to  explode  outwards.  Tornadoes  are  quite 
frequent  in  the  Southern  United  States  and  in  the 
Mississippi  Valley,  but  are  very  rare  in  Canada.  A 
violent  one,  however,  passed  through  Regina  in  1912, 
and  caused  great  damage  in  that  city,  demolishing 
houses,  business  blocks,  and  churches. 

Practical  Exercises 

Interpretation  of  a  weather  map. —  Figure  40  Is  a 
weather  map.  Read  the  explanatory  notes  and  find  on 
the  map  as  many  of  the  symbols  as  possible.  How  many 
highs  are  shown  on  the  map  ?  How  many  lows  ?  What 
are  the  pressures  at  the  centres  of  (a)  the  highs,  (b)  the 
lows?  What  is  the  difference  in  pressure  between  the 
centre  of  the  high  in  the  New  England  States  and  that  of 
the  low  over  Newfoundland  ?     Do  the  winds  blow  more 
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nearly  away  from  or  toward  (a)  the  hig^,  (6)  the  lows  ? 
If  you  stand  with  your  back  to  the  wind,  is  it  generally 
deflected  to  your  right  or  to  your  left?  What  is  the 
usual  direction  of  the  wind  (a)  to  the  east  of  a  low,  (6)  to 
the  west  of  a  low,  (r)  to  the  east  of  a  high,  (d)  to  the  west 
of  a  hi^?  In  general,  does  precipitation  occur  in  the 
highs  or  the  lows?  If  the  low  sho^\•n  on  the  map  over 
the  Mississippi  Valley  is  moving  toward  Ontario,  write  a 
forecast  for  the  Great  Lakes  region  for  March  7th  under 
the  following  heads  :  (a)  direction  of  wind,  (I A  tempera- 
ture, (f )  cloudiness  and  precipitation. 

Weather  record. —  Records  of  the  weather,  without 
instruments,  should  be  made  at  home  by  each  pupil  for 
at  least  one  month,  and  more  complete  records,  with 
instruments,  should  be  kept  at  school.  Pupils  should 
rule  headings  as  follows: 

TABLE    « 


D»M 

Hour  of 

ObMnra- 

Uoo 

Tam- 
Vtnr 
ttti« 

Wind 

Clouda 

Prcctpluuioo 

RMDMta 

DlTM- 

Uon 

Vtloettr 

Amt. 

Kind 

ABt. 

Ktad 

Get  1 

5  p.m. 

Wwm 

VJt. 

Hlfta 

Clav 

Cbni 

NOM 

NOM 

BmrrDtm 

The  observations  should  be  made  at  the  same  hour 
each  day.  The  following  descriptive  words  should  be 
use<i: 

Teiii]>rr(iture. — Very  cold,  cold,  cool,  mild,  warm,  hot. 
very  hot. 

Wind  direction. — North,  north-east,  east,  etc. 
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Wimd  vdoeiiy. — Calm  (no  wind),  light  (moving  leaves 
of  tre<«),  moderate  (moving  branches  of  trees),  brisk 
(.Hwajing  branches  of  trees),  high  (swa3ring  trees,  moving 
twi^s  on  the  gruund),  gale  (breakiiig  small  branches  from 
trees). 

Amount  of  doud.  —  Clear  Oess  than  three-tenths 
cloudy),  fair  (between  three-tenths  and  seven-tenths 
cloudy),  and  cloudy  (more  than  seven-tenths  cloudy). 

Kind  of  eUmd. — Cirrus,  stratus,  cumulus,  nimbus,  and 
combinations  of  these  (Sec.  35). 

Atnount  of  rninfatL — Pupils  should  state  for  how  many 
hours  it  rain(>d  and  whether  the  rainfall  was  heavy  or 
Ught 

The  school  record  should  be  kept  for  two  months,  one 
:  >il  being  assigned  for  each  week  to  read  the  thermom- 
.  barometer,  etc.     For  the  school  record  the  following 
table  should  be  filled  out: 


TABLE 

7 

':  DIM 

Rmt 

P— • 

THWMMn 

MHillMlill 

WtM 

a^ 

Mu. 

Mk. 

Umm 

j^ 

▲■». 

raniii»«i 

fw« 

1 

aua-M. 

MM 

M* 

!«• 

M* 

Smv 

«!». 

NJk 

Mto 

7/lS 

From  the  school  record,  which  ihoukl  be  potted  on 
the  bulletin  board,  each  pupil  sbouki  make  a  graphieal 
record  such  as  the  foUowing: 
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By  a  study  of  all  the  weather  records  the  pupils  should 
find  the  following  relations: 

Temperature    and    wind. —  Direction    of    the    \\:irni«st 
winds,  of  the  coldest  winds. 

Temperature  and  clondinf/in. — In  general,  arc  cloudy  or 
clear  days  the  colder  ? 

TABLE  8 


tlQNTH          1    2   3   4   S  6   7   olaJB  II  eiiM6l6l7B62Da&OMSa9  aUMS 

i?sai;i!"    ■    ■■               ■           "^1 

I: 

Cfoudiness  and  precipitation.  —  Are  clouds  necessary  for 
precipitation  ?  What  kinds  of  clouds  ?  Must  the  sky  be 
entirely  overcast  ?  Does  an  overcast  sky  always  bring 
precipitation  ?  What  is  the  relation  between  the  amount 
of  dew  and  the  amount  of  cloudiness  ? 

Wind  and  precipitation.  —  What  winds  bring  rain 
in  the  summer  ?  In  the  spring  and  the  autumn  ?  What 
winds  bring  snow  ?  WTiat  winds  accompany  thunder- 
storms ?  Compare  the  >nnds  before  and  after  a  rain- 
storm. 

Temperature  and  precipitation.  —  Is  the  temperature 
higher  or  lower  after  rain  ?  Is  this  relationship  the  same 
in  winter  as  in  sunmier  ? 
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QUBMTIONS  , 

1.  If  the  o«ntre  of  a  eyekme  movw  from  wwt  to  eMt. 
dawribe  the  ehanges  in  the  direction  of  the  wind  at  a  place 
just  south  of  its  path.  De8cril>e  the  changes  in  the  direction 
of  the  wind  at  a  place  just  north  of  its  path. 

2.  Find  in  the  dictionary  the  meaning  of  veering  and  back- 
ing winds,  and  state,  from  Question  1.  the  eondition  under 
which  theee  winds  occur. 

3.  What  kind  of  weather  does  a  falling  barometer  indicate  ? 
A  rising  barometer? 

4.  Why  do  rain  and  cloudiness  usually  occur  at  a  place  as 
the  centre  of  a  oyelooe  passes  over  it  ? 


rW.  41  (a).— Tonsdo 


CHAPTER  VII 

CLIMATE 
Classification  of  Climates 

58.  Meaning:  of  climate. — By  weather  conditions  are 
meant  atmospheric  conditions  with  respect  to  tempera- 
ture, humidity,  and  pressure,  over  comparatively 
short  periods  of  time.  The  averages  of  all  the  weather 
conditions  for  a  long  period  of  time  give  the  data 
for  describing  the  climate.  In  fact,  climate  may  be 
defined  as  the  average  state  of  the  weather.  Some 
weather  conditions  are  more  important  than  others  in 
determining  climate.  Of  chief  importance  are  those 
that  have  a  direct  and  powerful  influence  upon  plant 
and  animal  life.  For  instance,  temperature,  rainfall, 
winds,  and  cloudiness  are  essential  elements  of  a  climate, 
but  pressure,  which  is  so  fundamental  in  determining 
weather,  receives  little  attention  as  an  element  of 
climate,  since  it  has  little  direct  effect  on  plant  and 
animal  life. 

Many  physical  conditions  affect  the  climate  of  a  region. 
Latitude,  altitude,  proximity  to  large  bodies  of  water, 
direction  of  winds  and  ocean  currents,  and  relative 
amounts  of  land  and  water  are  some  of  the  chief  physical 
factors.  As  these  factors  are  variously  combined,  they 
cause  a  great  variety  of  climate  in  different  parts  of  the 
world.  We  may,  however,  distinguish  four  main  types 
of  climate — oceanic,  continental,  desert,  and  mountain. 

59.  Oceanic  climate. — When  proximity  to  the  ocean 
or  to  any  large  body  of  water  is  the  determining  factor, 
an  oceanic  climate  is  produced.  As  the  ocean  warms 
but  slightly  in  the  summer  and  cools  very  little  in  the 
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winter,  it  tends  to  equalise  the  summer  and  winter 
temporatures  of  the  regiona  affected  by  imxximity  to  it. 
Therefore  lands  having  an  oceanic  climate  have  cold 
springs,  warm  autumns,  cool  sununers,  and  mild  winters. 
In  tht-se  regions  there  is  much  cloudy  weather  and  a 
heavy  rainfall,  the  greater  part  of  which  occurs  in  the 
winter  when  the  land  is  cooler  than  the  water.  Not  all 
coasts  have  oceanic  climates,  but  only  those  on  the 
leeward  side  of  the  ocean.  The  coast  of  British  Columbia 
has  a  typical  oceanic  climate,  since  the  winds  blow  over 
it  from  the  Pacific.  Elastem  Canada  has  not  an  oceanic 
climate,  since  its  prevailing  winds  come  over  land  from 
the  west.  Therefore  its  climate  is  more  like  that  of  the 
interior  of  the  continent. 

60.  Gmttncntal  climate. — At  the  centre  of  continents, 
as  in  (Vntral  Canada  and  Central  Asia,  the  influence  of 
the  orean  is  al)s«  nt,  and  a  continental  eUmate  resuHa. 
Tlie  immt  cliarartoristic  feature  of  a  continental  climate 
is  its  extremes  of  temperature,  due  to  the  rapidity  with 
which  the  land  is  heated  and  cooled.  Regions  i^ith  such 
a  climate  have  hot  summers,  cold  winters,  and  a  great 
difference  between  the  temperatures  of  day  and  night. 
A  clear  sky  and  snudl  precipitation,  which  is  greater  in 
the  sununer  than  in  the  winter,  are  also  characteristie 
of  this  type  of  climate.  Usually  the  ▼ek>city  of  the  wind 
is  less  in  continental  mteriors  than  on  the  coasts,  and 
calms  are  more  frequent.  The  clear  sky,  the  km  humidity 
of  the  air,  and  the  lack  of  wind  during  the  coklest  weather 
ameliorate  the  knr  winter  temperatures  of  siieh  regkna. 

61.  Desert  climate. — Deserts  have  an  extreme  con- 
tinental rlimate.  Clouds  seldoni  darken  the  sky,  and 
the  pre(  ipitatkn  is  80  small  that  TegBCatkai  is  veiy 
scanty.  Owing  to  the  dear  sky  and  the  dry  air  the  daily 
range  of  temperature  is  very  great  The  sand,  althoi^ 
esoeedingly  hot  during  the  day,  eooli  rapidly  through 
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the  night  and  becomes  comparatively  cold  boforo  morn- 
ing. As  the  intensely  heated  air  rises  in  convection 
currents  during  the  day,  the  surrounding  air  rushes 
rapidly  in,  causing  violent  sand-storms.  The  nights  are 
usually  calm. 

62.  Mountain  climate — We  have  already  learned  that 
the  temperature  decreases  as  higher  altitudes  are  reached. 
Accordingly,  all  the  degrees  of  temiierature  experienced 
in  passing  along  the  surface  of  the  earth  from  the  equator 
to  the  polar  regions  are  also  experienced  in  ascending 
a  single  high  mountain,  even  though  it  is  situated  near 
the  equator. 

In  mountainous  districts,  if  the  sky  is  ricar,  winds 
blow  up  the  valleys  toward  the  peaks  during  the  day. 
These  vailey  bretzu,  as  they  are  called,  are  caused  in  the 
following  way.  During  the  day  the  air  along  the  slopes 
of  the  mountains  l^ecomes  heated,  and,  consequently,  its 
pressure  becomes  less  than  that  of  the  adjacent  air  at  the 
same  level.  This  adjacent  air  at  a  greater  {H^ssure  forces 
the  warmer  air  up  the  slopes,  and  so  a  breeze  blowing  up 
the  mountain  results.  During  the  night,  however,  the 
slopes  rapidly  cool  by  radiation,  and  the  air  near  them 
cools  also,  and  soon  is  at  a  higher  pressure  than  the 
adjacent  air  at  the  same  level.  The  cooler  air  at  a  greater 
pressure  tends  to  drop  down  below  the  warmer  air  at  a 
less  pressure,  and  so  a  steady  stream  of  air  flows  down  the 
slopes  of  the  mountains  during  the  night.  These  winds 
are  called  nutuntain  breezes. 

Precipitation  on  the  side  of  a  mountain  increases  with 
the  altitude  up  to  about  6,000  or  7,000  feet,  but  beyond 
this  height  it  decreases.  The  precipitation  is  much 
greater  on  the  windward  than  on  the  leeward  side  of 
mountains.  For  example,  while  the  western  slopes  of  the 
mountain  ranges  in  British  Columbia  have  a  very  heavy 
precipitation,  the  eastern  slopes  are  very  dry. 
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CuMATic  Zones 

63.  Qaisif  ication. — Many  scientists  have  attcmptod  to 
dinde  the  earth  into  climatic  zones.  The  very  earliest 
of  Gn>ek  scholars  made  a  division  of  the  earth's  surface 
into  the  torrid,  temperate,  and  frigid  zones.  This  division 
has  Ufn  retained  up  to  the  present  time,  is  still  the 
most  popular  of  all,  and,  despite  certain  disadvantages, 
will  be  followed  in  this  book.  Since  it  is  baaed  entirely 
on  the  relative  amounts  of  sunlight  received  by  the 
difTerrnt  parts  of  the  earth,  without  taking  other  factors 
into  account,  it  brings  into  the  same  zones  regions  with 
ver>'  different  climates  and  separates  regions  mth  very 
similar  climates. 

Figure  41  illustrates  a  division  into  temperature  zones, 
made  by  Professor  A.  Supan.  The  hot  belt  includes  all 
parts  having  a  mean  temperature  higher  than  68^. 
The  Umndaries  of  this  belt  coincide  closely  with  the 
polar  limits  of  the  trade-winds.  They  also  mark  the 
polar  limits  of  the  growth  of  palms.  The  temperate 
U>ltJi  are  separated  from  the  polar  caps  by  the  isotherm 
of  5(rF.  for  the  warmest  month.  This  isotherm  also 
marks  the  polar  limit  of  forest  trees  and  cereal  crops. 
It  will  1k>  noticed  that  the  hot  belt  is  wider  over  the 
continents  than  over  the  oceans,  and  that  the  north 
temp<Tate  Mt  is  much  wider  than  the  south  temperate 
belt.  This  latter  difference  is  mainly  due  to  the  large 
land  nuuHS4-s  of  the  northern  hemisphere.  As  they  warm 
rapidly  during  the  summer,  they  tend  to  raise  to  a  high 
summer  temfxTature  regioiui  far  to  the  north,  while  the 
vtkRi  oceans  of  the  southern  bemispbere  have  just  the 
opposite  effect  upon  re^ons  far  to  the  south. 

Tb«  Torrid  Zonb 

64.  General— The  climate  within  the  tropios  is  simple 
and  uniform.    There  is  no  uncertainty  refaiding  the  unci 
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day's  weather,  from  day  to  day,  for  the  temperature, 
rainfall,  and  cloudiness  vary  little  on  successive  days. 
The  changes  of  weather  conditions  are  exceedingly  regular, 
except  when  a  tropical  cyclone  comes  with  startling 
suddenness,  qH«ading  devastation  in  its  wake  (Sec.  55). 
The  temperature  is  always  high;  in  fact,  the  annual 
isotherm  of  S(fF.  incloses  most  of  the  land  area.  In 
most  regions  within  the  tropics,  the  range  of  temperature 
throughout  the  year  is  less  than  10°  F.  Indeed,  over 
much  of  this  area  the  annual  range  is  less  than  5°F.,  being 
much  smaller  than  the  daily  range  in  the  same  region. 
Only  at  high  altitudes  does  the  temperature  ever  reach 
the  freezing-point.  There  is  no  winter,  as  we  under- 
stand the  term.  The  seasoos  are  regulated  by  the 
rainfall  and  not  by  temperatore.  The  rains  which  occur 
during  the  summer  fall  daily  at  about  the  same  hour  in 
torr  '  iottv-npours,  accompanied  by  vident  thunder 
and  iig.    So  regular  are  they  in  this  respect  that 

ladies  in  Rio  de  Janeiro  state  on  invitations  to  afternoon 
receptions  whether  the  guests  are  to  come  before  or  after 
the  rain.  In  cosstal  reipoos  breeses  blow  from  the  sea 
during  the  day  with  great  regularity,  and  help  materially 
to  make  the  sultry  weather  tolenble. 

The  character  of  the  faihabitaats  ct  tropical  countries 
depends  partly  upon  the  climate.  The  hot,  humid  air  ol 
the  coastal  districts  is  enflnrating,  so  that  severe  or  long- 
eoBtinued  physical  or  mental  effort  is  fanposslble.  In  the 
deserts,  where  food  and  clothing  are  harder  to  obtain, 
and  where  the  eod  nights  have  a  tonic  effect,  the  people 
are  somewhat  mora  aMfgeCie  and  capable.  Rarefy  has 
a  great  nation  been  developed  within  the  tropics. 

There  are  three  well-marked  climatic  dhriskms  in  the 
torrid  sone— the  senatorial  ngitm,  the  ttudtmmd  bdt,  and 
the  monmton  rtjpon. 
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65.  The  equatorial  reg:fon. — The  doldrums,  as  we  have 
seen  (Sec.  50),  are  characterized  by  ascending  air 
currents,  with  cloudy  skies,  humid  air,  and  heavy  rainfall. 
As  the  doldrums  move  northward  or  southward  toward 
the  tropics  with  the  vertical  rays  of  the  sun,  they  bring 
a  rainy  season  to  the  areas  affected.  As  a  result,  in  a  Iwlt 
extending  eight  or  ten  degrees  on  each  side  of  the  equator, 
there  are  two  rainy  seasons,  coincident  with  the  passing 
of  the  vertical  rays  of  the  sun,  and  two  intervening  dr>' 
seasons  (Fig.  42).  These  double  seasons  occur  in  Central 
Africa,  Equatorial  South  America,  and  in  many  tropical 
islands  (Fig.  43).  As  the  dry  seasons  are  short  and 
never  entirely  rainless,  these  regions,  especially  in  coastal 
districts,  are  covered  by  dense,  tropical  forests.  On  each 
side  of  this  equatorial  \ye\i  is  a  region  in  which  the  move- 
ment of  the  doldrums  to  the  tropic  is  followed  so  closely 
by  its  movement  toward  the  equator  that  the  two  rainy 
seasons  blend  into  a  single  one  (Fig.  43).  For  the  rest 
of  the  year  these  belts  are  under  the  influence  of  the 
trade-winds.  This,  as  we  shall  see  in  the  next  Section, 
causes  a  dry  season.  Accordingly,  these  belts  have  one 
rainy  and  one  dry  season.  During  the  rainy  season 
vegetation  is  most  luxuriant,  but  during  the  hot,  dry 
season  it  withers  very  rapidly.  The  leaves  fall  from  the 
trees,  while  the  soil  hardens  and  cracks  with  the  heat. 
Nowhere  else  in  the  world  is  there  such  a  contrast  in  the 
appearance  of  nature  during  two  successive  seasons. 
V^enezuela,  Mexico,  southern  Brazil,  the  Sudan,  Abys- 
sinia, Upper  Egypt,  as  well  as  Hawaii  and  many  other 
tropical  islands  have  seasons  of  this  type  (Fig.  43). 

66.  The  trade-wind  belt.— In  the  regions  from  20°  to 
30*  north  and  south  of  the  equator,  the  trade-winds 
control  the  climate.  Since  these  winds  blow  from  cooler 
to  warmer  regions,  their  temperature  rises  as  they  pro- 

Consequently,  they  are  drying  winds.     If  they 
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blow  over  the  ocean  or  over  lowlands,  little  or  no  rain 
falls,  and  so  lowlands  in  the  trade-wind  belt  are  mainly 
desert  lands.  Most  of  the  great  deeerta  of  the  world  are 
in  the  trade-wind  belt  (Fig.  43 — black  shading).  For 
example,  the  deserts  of  Arabia,  Persia,  and  Lower 
California  are  in  the  northern  trade-wind  belt,  whiJe  the 
deserts  of  Chile,  South  Africa,  and  Australia  are  in  the 
southern  trade-wind  belt.  On  the  other  hand,  if  the 
trade-^inds  strike  bold  coasts  or  plateaus  or  mountains, 
they  bring  a  heavy  rainfall.  Many  of  the  East  and 
West  Indies,  the  Philippines,  Ceylon,  Madagascar,  the 
east  coasts  of  Guiana,  Central  America,  Mexico,  south- 
eastern Brazil,  south-eastern  Africa,  and  eastern 
Australia,  all  have  heavy  precipitation  owing  to  the 
highlftTV**  in  the  path  of  the  trade-winds.  While  these 
rsgicMis  have  rainfall  at  all  seasons,  the  maximum  precipi- 
talioii  ocKoes  in  the  winter. 

67.  The  monsoon  region.— The  miluence  of  the  mon- 
8oons  ia  most  marked  in  India  and  south-eastern  Asia. 
Over  this  n^pon  the  south-west  monsoon  blows  from  the 
end  of  April  until  October.  This  warm,  humid  wind  causes 
abundant  precipitation,  especially  on  the  windward  sides 
of  mountains.  On  the  windward  slopes  of  the  mountains 
of  Dengal  occurs  the  heaviest  rainfall  in  the  world.  Dur- 
ing the  winter  months  the  north-east  monsoon  blows  out 
from  the  dry  plains  of  Central  Asia  and  brin^  cool, 
dry  weather  to  India.  Beskles  the  rainy  season  and  the 
dry  winter,  there  is  also  a  hot  season  in  India.  It  occurs 
during  the  early  spring,  when  the  north-east  wind  has 
become  heated  and  blows  south  as  a  hot,  scorching  wind. 
Monsoons  also  occur  in  ntNthon  Australia  and  the 
unjoining  East  Indies  (Fig.  80). 

Thb  Tbmpbratb  Zones 

68.  General.— Unlike  the  torrid  tone,  the  temperata 
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tones  arc  marked  by  frequent  changes  of  weather  from 
day  to  day  or  even  from  hour  to  hour.  In  the  north 
temperate  zone  the  range  of  t^^mperature  during  a  single 
day  is  greater  than  in  any  other  part  of  the  world.  This 
zone  lies  in  the  belt  of  the  westerlies,  which  are  much  less 
regular  than  the  trade-winds.  They  blow  more  strtjngly 
in  the  winter  than  in  the  summer,  and  are  nmch  iiit<r- 
rupted  by  cyclonic  storms. 

The  rainfall  of  the  temperate  zones  is  fairly  aliunviiuit 
over  the  ocean  and  over  much  of  the  land.  Bold  west 
coasts  beyond  latitude  40°  have  heavy  rainfall.  The 
seasons  in  these  zones  are  classified  according  to  tem- 
perature as  summer,  autumn,  \\TJiter,  and  spring.  At 
the  polar  limits  of  the  zones  the  transition  from  summer 
to  winter  and  from  winter  to  summer  is  so  sudden  that 
spring  and  autumn  are  very  brief.  The  margins  of  the 
temperate  zones  toward  the  tropics  have  climates  so 
distinct  that  they  will  be  described  separately  as  the 
sub-tropicnl  heltf. 

69.  The  sub-tropical  belts.— These  are  in  the  horse 
latitudes  during  the  summer,  but  the  retreat  of  the  sun 
toward  the  equator  brings  them  under  the  influence 
of  the  westerlies  during  the  winter  (Fig.  30).  The 
northern  sub-tropical  belt  lies  between  28°  and  40°  north 
latitude,  and  the  southern  sub-tropical  belt  occupies  the 
corresponding  region  in  the  southern  hemisphere.  Since 
these  belts  are  in  the  horse  latitudes  during  the  summer, 
the  air  is  warm,  dry,  and  cloudless  during  this  season. 
Since  they  are  in  the  belt  of  the  westerlies  during  the 
winter,  they  are  then  cooler,  with  westerly  winds  and  a 
considerable  rainfall.  On  account  of  the  clear  sky,  even 
tem[)erature,  and  moderate  rainfall,  these  belts  possess 
some  of  the  chief  health  resorts  of  the  world.  As  the 
rains  come  in  winter,  the  soil  usually  requires  irrigation. 
The  conditions  described  above  are  usually  limited  to 
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the  western  sides  of  the  continents.  Southern  California, 
central  Chile,  the  southon  part  of  the  west  coast  of 
South  Africa,  and  south-west  Australia  are  in  these 
belts  (Fig.  43).  The  whole  regkn  around  the  Medit«^ 
ranean  Sea,  as  well  as  the  regicm  extending  eastward 
through  Syria  and  Mesopotamia  to  Persia,  has  a  climate 
of  this  character.  Since  the  largest  and  most  important 
area  in  the  world  with  such  a  climate  is  that  surrounding 
the  Mediterranean  Sea,  this  type  of  climate  is  usually 
called  a  }fotitfmmean  dimale. 

70.  The  south  temperate  zone. — As  the  continents  are 
ver>'  narrow  in  the  south  temperate  zone,  the  climate 
there  is  more  uniform  than  in  the  north  temperate  zone. 
The  range  of  temperature  is  comparatively  small,  the 
west  vimAs  are  strong  and  steady,  and  the  seasons  are 
uniform.  While  the  climatic  conditions  in  the  south 
temperate  zone  are  steadier  than  in  the  north  temperate 
zone,  the  former  is  more  subject  to  cyclonic  storms  than 
Is  the  latter.  These  are  less  frequent  in  summer  than  in 
winter.  This  zone  is  one  of  the  most  healthful  regions 
in  the  world.  Patagonia  and  some  of  the  southern 
islands  are  within  its  boundaries. 

71.  The  north  temperate  cooe. — Since  in  this  zone 
the  we»t4'rly  winds  blow  from  the  oceans  to  the  west 
coastfl,  the  latter  have  cool  stunmers  and  mild  winters. 
The  rainfall  is  abundant,  reaching  a  maximum  in  the 
autunm  and  the  winter,  when  the  westerlies  are  strongest. 
Where  high  mountains  are  near  the  ooast,  as  in  British 
Columbia,  the  rainfall  is  very  heavy,  but  where  there  are 
no  high  rl(>vations,  as  in  certain  parts  o(  the  west  coast 
of  Ir(>land,  the  rainfall  is  not  so  exoesave. 

In  the  continental  interiors  the  prevaiUng  winds  are 
from  the  west.  As  they  have  ahendy  blown  over  the 
Und  for  a  considerable  distance,  the  moderating  mfliimoe 
of  the  ocean  is  lost.    Accordingly,  in  the  continental 
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inierion  of  the  north  temperate  zone  arc  lounci  tnc  most 
extreme  temperatures  in  the  world.  The  central  part 
of  Canada  and  of  the  United  States  is  a  good  example  of 
such  a  region.  The  winters  are  clear,  dr>',  and  very  cold, 
the  summers  are  warm,  and  the  heaviest  precipitation 
occurs  during  this  season.  Since  the  westerlies  lose  nearly 
all  their  moisture  in  ascending  the  western  slopes  of  the 
ranges  of  the  Rocky  Mountain  system,  they  reach  the 
eastern  slopes  as  dry  winds.  As  they  flow  do^^n  the 
eastern  side  of  the  mountains,  the  pressure  continually 
increases,  and,  consequently,  the  air  becomes  warmer. 
These  warm,  dry  winds  sweeping  over  the  plains  absorb 
moisture  very  rapidly,  so  that  the  area  in  the  lee  of  the 
mountains  is  very  dry.  At  the  same  time,  these  Chinook 
winds,  as  they  are  called,  moderate  the  winter  tem- 
peratures to  a  marked  extent.  In  Eurasia  the  amount 
of  precipitation  steadily  decreases  eastward,  Ireland 
having  a  heavier  rainfall  than  Ejigland,  and  England 
ha\'ing  a  heavier  rainfall  than  Germany.  In  central 
Siberia  the  precipitation  reaches  a  minimum.  The  con- 
tinental interior  climate  is  exhibited  most  perfectly  in 
Siberia,  since  that  country  is  the  centre  of  the  greatest 
land  mass  in  the  world.  One  part  of  it  has  an  annual 
range  of  temperature  of  more  than  120"F.  Since  the 
summer  is  hot  and  the  rainfall  is  most  abimdant  during 
this  season,  agriculture  can  be  carried  on  in  continental 
interiors  even  in  very  high  latitudes,  as  b  the  case  in 
Canada  and  Siberia. 

Although  the  east  coasts  in  the  temperate  zone  are 
in  proximity  to  the  ocean,  their  climate  is  influenced  by 
the  continental  interior  to  a  greater  extent  than  by  the 
ocean,  since  the  prevailing  ^^-inds  are  from  the  west. 
Consequently,  warm  summers  and  cold  winters  are  tjqjical 
of  east  coasts  in  this  zone,  although  the  seasons  are  not 
80  extreme  as  in  the  interior.    Cyclones  and  anticyclones 
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determine  their  weathM*  (Sec.  54).  Since  the  easterly 
winds  at  the  front  of  a  cyckne  blow  from  the  ocean,  they 
ttring  rain.  Therefore  the  amount  of  precipitation 
increases  from  the  interior  of  a  continent  to  the  east 
coast.  In  Canada,  for  example,  Quebec  has  heavier 
precipitation  than  Ontario,  while  the  rainfall  in  the 
Maritime  Provinces  is  still  more  copious. 

Thb  Frigid  Zonks 

72.  GeneraL — The  westerlies  do  not  extend  far  beyond 

le  polar  circles.     The  parts  of  the  frigid  zones  nearest 

le  polar  circles  have  a  climate  similar  to  that  of  the 

tlder  parts  of  the  temperate  sones.    In  polar  regions  there 

-  no  warm  seascm,  and  the  winters  are  very  cold.    As  cold 

uir  never  contains  much  moisture,  the  precipitation  is 

light.     It  consists  largely  of  fine,  dry  snow,  though  some 

rain  falls  even  in  the  highest  latitudes.    As  there  is  little 

nirlting  and  evaporation,  even  the  small  amount  of  snow 

tluit  fulls  from  time  to  time  tends  to  accumulate.     There 

lire  no  triH's,  and  other  vegetation  is  of  the  scantiest  kind. 

i-i    -,.  {^re  few  permanent  settlemokts  within  the  Arctic 

QUXSTIONS 

1.  The  foUowing  table  givM  ths  mean  monthly  tempemturM 
in  decTMs  Fahraohsit  for  VaaeouvAr.  Winnipeff.  Toronto,  and 
Halifax: 

JFMAMJJA80ND 

aneooTw    353842    47    5458060256494220 

Winnirx-tr        5      114    3752020608534020     5 

Toronto        222229    41    5303066750    47    8626 

H.  272480304058656558408828 

Draw  tsmpwrntttre  graphs  for  sash  dty  and  sxplain  the 
hkt  differMMS  botwwn  the  graphs. 

Has  ToroBto.  or  Halifax  the  latsr  iprii«  ?  WUsh  has  the 
warmer  automa  7 
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2.  The  following  table  gives  the  mean  monthly  procipitation 
for  Vanoouver,  Winnipeg,  Toronto,  and  Halifax: 


Month 

Vanoouver 

Winnipeg 

Toronto 

Halifax 

Jan 

8.6 

. .       0.8       . 

. . .       2.9     . . 

.     5.8 

Feb 

6.2       .. 

0.9 

...       3.6     . . 

.     4.7 

Mar. 

4.5 

1.2       . 

. . .       2.7 

5.3 

Apr. 

3.0 

..        1.5 

.  . .       2.1 

4.4 

May 

3.6       .. 

2.4 

...       3.0     . . 

.     4.2 

June 

2.8       .. 

3.6 

...       2.8     .. 

.     3.8 

July 

1.3       .. 

3.2       . 

...       3.0     . . 

.     3.9 

Aug. 

1.7 

2.5 

...       2.8     . . 

.     4.4 

Sept. 

4.3       .. 

..       2.1 

...       3.2     . . 

.     3.8 

Oct.  . 

5.7 

1.7 

. . .       2.4     . . 

.     5.5 

Nov. 

11.3 

1.1 

...       2.9     . . 

.     5.6 

Dec 

7.6       .. 

0.9 

...       2.8     . . 

.     5.4 

Totals 

.     60.57     . . 

. .     21.69     . 

...     34.37  .. 

.  58.81 

a; 1 

Draw  precipitation  graphs  for  each  city.  What  cities  have 
the  heaviest  precipitation  in  winter  ?  In  summer  ?  In  what 
city  is  the  precipitation  most  evenly  distributed  throughout 
the  year  ?  Give  reasons  in  each  case.  What  type  of  precipita- 
tion is  most  valuable  for  agriculture  ?  Why  is  Winnipeg,  with 
such  a  light  rainfall,  the  centre  of  an  excellent  agricultural 
region  ? 

3.  Which  has  the  more  cloudy  weather,  Winnipeg  or  Van- 
couver ?    Halifax  or  Toronto  ? 


CHAPTER  VIII 

THE  OCEAXS 

PkEU.MINAKV    LxrKKIMENTAL    \S  ORK 

\,/j    in  gtudy  the  propetHet  of  tail  water. — 

Make  a  saturated  adution  of  cfwrnnon  salt.  Add  to  it 
ten  times  its  volume  oi  water.  This  solution  has  very 
nearly  the  < .  i.»n  of  sea  water.     Taste  tho  solution. 

Fmd  its  «!>  ,,  tvity  by  means  <rf  a  specific-gravity 

bottle.  Place  a  thermcMneter  in  a  test-tube  of  the  salt 
water,  and  surround  the  test-tube  with  a  freezing  mixture 
of  salt  and  snow,  or  leave  it  outside  the  window  on  a 
cdd  winter  day  until  ice  begins  to  f<Mrm.  At  what 
temperature  does  sea  water  freese  ?  Let  a  vessel  <^  the 
salt  water  remain  out-of-doors  on  a  cold  winter  day 
until  a  thin  layer  of  ice  forms  on  its  surface.  After 
washing  off  any  adhering  water,  melt  a  piece  of  the  ice 
and  compare,  by  tasting,  the  saUnity  of  the  melted  ice 
with  that  of  the  original  salt  water. 

(f )   7b  ttudy  a  batkymetrieal  chart  of  the  oeeane. — 

Figure  44  is  a  bathymetrical  {GnA-bathoe,  depth) 
chart  of  the  oceans.  Those  parts  of  the  oceans  which 
adjoin  the  continents  and  are  less  than  100  fathoms  deep 
are  called  amtmmtal  ehdm.  Where,  in  the  North 
Atlantic,  are  the  oontinflntal  shehres  veiy  wide  7  Why 
are  these  wide  shelves  the  great  fishing-grounds  of  the 
world  ?  What  inland  waters  connected  with  the  Atlantic 
are  to  a  large  extent  less  than  100  fatboma  deep?  What 
ii  the  greatest  depth  of  water  on  the  ridge  between 
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G-  I  ami  the  north  <rf  SooUand  ?       Is    thorc    ;iny 

ot .  -  n  to  j^rrvi-nt  the  cold  water  at  tin-  lK)ti<)in  of 

the  Nomegian  Sea  (between  Nmway  and  Iceland)  frcxn 
n  th  the  water  of  the  N<Mth  Atlantic  ?    Why  are 

t:       .    ,-sea  ftwimftlft  of  the   Norwegian   Sea  for  the 

luet  part  different  from  those  of  the  adjoining  North 
Atlantic  ?  Give  a  possible  explanation  of  the  fact  that 
the  animals  of  ncwthem  Canada  are  ver>'  similar  to 
those  of  northern  Europe.  Is  there  any  obstruction  to 
the  cold  Ixittom  w:it«r  of  the  Antarctic  regions  creeping 
north  along  the  U>ttom  of  the  Atlantic?    If  the  bottom 

;iter  of  the  Atlantic  comes  from  the  Antarctic  regions, 

V.   ':!.!  it  be  colder  (a)  at  50**  south  latitude  or  at  the 

.tor,   (6)   at   the  equator  or  at  50**  north  latitude? 

~*  rve  the  position  of  the  Mid-Atlantic  Ridge.    What 

Ls  the   depth   of  water   over   the   greater   part  of  it? 

Between  40**  and  45"  north  latitude  it  widens  east  and 

west.      Why  is    this    expan.sion  called    the  telegraphic 

plateau  ?    What  islands  are  situated  on  the  Mid-Atlantic 

Ridge  ?    Where  is  there  a  break  in  the  Ridge  ?    What 

the  depth  of  water  on  each  side  fA  the  Mid-Atlantic 

Ridge?     What   proportion  of  the  Atlantic  Ocean    is 

between   2,000    and    3,000    fathoms     deep?      Regiooa 

having  a  depth  of  more  than  3,000  fathcxns  are  called 

drqm.      How  many  deepa  are  there  in  the  Atlantic? 

Whore  is  the  most  extensiTe  deep  ?    At  what  point  is  the 

Athmtic  more  than  4,000  fathoins  deep  ?    How  does  the 

d  shelf  along  the  west  coast  of  America  compare 

with  that  along  the  east  ooast  of  America? 

(mipare  the  proportioQ  of  the  Padfio  Ooean  that  is 
iK-tween  2,000  and  3,000  fathoms  deep  with  the  propor- 
tion of  the  AtUntic  that  is  between  the  same  depths. 
Compare  the  number  of  islands  in  the  Padfic  Ooean  with 
the  number  in  the  Atlantic.  How  many  deeps  are  there 
in  the  Pftdfic  Ooean?     Compare  the  sbaHowB.  ridves, 
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and  deepe  of  the  Indian  Ocean  with  those  of  the  Atlantic 
and  Pacific  Oceans. 

Depths  and  Deposits  op  the  Oceans 

73.  Methods  of  investigating  the  ocean. — For  many 
centuries  all  but  the  const ul  waters  of  the  oceans  was  a 
mystery.  Even  the  early  European  navigators,  such  as 
Columbus,  Magellan,  Drake,  and  Cook,  contributed  only 
to  the  knowledge  of  the  extent  of  the  occana  and  of  the 
character  of  their  surface  waters.  Not  until  about  1850 
was  a  real  attempt  made  to  study  the  oceans  scientifically. 
In  that  year  M.  F.  Maury,  the  great  American  geographer, 
endeavoured  to  sound  their  depths.    Twenty  years  later  a 


Ptg.  45. — H.M.S.  ChalUnier  after  collision  with  an  iceberg.  Feb.  24th.  1S74 

solid  basis  for  the  future  study  of  the  oceans  was  laid  by 
the  deep-sea  explorations  of  the  British  ship,  Challenger 
(Fig.  45).  Between  1872  and  1876  this  ship  traversed  all 
the  oceans,  sounded  their  depths,  collected  plants  and 
animals  from  all  levels  of  the  water,  and  made  a  complete 
examination   of   the   temperature,    salinity,    and   other 
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properties  of  sea  water.     Under   the   direetion   of   Sir 

John  Murniy,  a  Canadian  (1841-1914),  the  results  of 
thij»  I'xptiiitioD  were  issued  in  fifty  magnificent  volumes, 
prepared  and  wonderfully  illustrated  by  the  greatest 
sctrntists  of  the  world. 

In  no  field  of  scientific  endeavour  has  greater  skill, 
ingenuity,  and  inventiveness  been  shown.  To  sound  the 
ocean's  greatest  deyiths  from  the  deck  of  a  ship  as  it  rolls 
in  the  swells  and  drifts  in  the  currents  is  no  mean  achieve- 
ment. Yet  that  has  been  accomplished,  and  specimens 
of  the  depottts  on  the  bottom  have  been  brought  up  from 
a  depth  of  almost  six  miles.  A  number  of  nets,  all  attached 
to  a  single  line,  can 
be  dragged  through 
the  ocean  at  different 
depths.  The  nets  can 
be  clostxi  wliile  de- 
scending and  ascend- 
ing, in  order  that  the 
organisms  of  only  one 
levd  may  be  contained 
in  each  net  ( FiR.  46). 
!       ity     water-lx>ttle8 

..i.  be  lowered  to  any  depth,  then  opened  to  be 
filial  with  the  sea  water  at  that  levd,  then  closed 
and  brought  to  the  surface.  In  this  way  may  be  procured 
specimens  of  the  water  of  any  level  unmixed  with  that 
of  any  other  level  (Fig.  47).  These  bottles  can  be  so 
perfectly  insulated  that,  although  it  may  require  an  hour 
or  man  to  raise  them  from  a  depth  of  four  or  five  miles, 
rhe  temperature  of  the  oootoits  does  not  ehange  by 
•ne-hundredth  part  of  a  degree  during  the  operation. 

iiU.uugh  it  is  impossible  to  anchor  in  the  deepest  sea, 
instruments  are  in  use  by  which  the  strength  of  the 
current  can  be  measured  and  Its  direction  detenaained,  not 
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only  at  the  surface,  but  also  at  all  depths.  As  the  pres- 
sure at  great  depths  may  be  more  than  six  tons  on  every 
square  inch,  the  difficulty  of  nmnufacturing  instnimcnts 
capable  of  withstanding  such  tremendous  pressures  makes 
their  successful  construction  still  more  marvellous. 
Figures  48,  49,  and  50  show  a  trawl,  a  dnnlgo,  and  a 
sounding  instrument  usetl  in  dee}>-s<'ii  investicjititins. 


Vlg.  47. — Stop-oodc  wmtor-boMle.  In  >«cUon. 
doMd  and  open 


Ff«.  48. — ^Tbe  bcMU  tnwl 
used  in  deep- am  work 


74.  Uses  of  the  ocean. — The  rapid  improvement  in  the 
construction  of  ships  has  completely  changed  man's 
attitude  toward  the  sea.  Formerly  the  sea  was  con- 
sidered a  great  barrier,  separating  the  peoples  of  diflFerent 
lands.    Now  it  has  bec(xne  a  highway,   bringing  into 
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communicatian  lands  far  sefMuated.  In  some  cases  the 
peoples  on  oppoate  ades  of  an  ocean  have  better  and 
cheaper  communication  with  one  another  than  those  oo 
the  opposite  sides  of  a  continent.  The  sea  is  the  chief 
-ouroe  of  the  world's  supply  of  food  fishes,  and  many 
millions  of  dollars'  worth  of  fish  are  taken  from  its  waters 
annually.    The  influence  of  the  ocean  upon  climate  is 


still    more    important.    Its    currcnU    transport    great 

quantities  of  heat  from  equatorial  regions  toward  the 

I  that  the  climate   of  many  refioos   in  high 

-  b  moderated.       Many  areas  that  otherwise 
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would  be  as  bleak  and  barren  as  Labrador,  prwliire 
cereals  in  abundance,  as  a  result  of  the  beneficent  hroczt's 
from  the  ocean.  Cold  currents  from  the  polar  hoius  also 
help  to  moderate  the  heat  of  the  tropics.  Furthermore, 
almost  all  the  rain  that  is  so  necessary  for  plant  growth 
is  formed  from  water  vapour  that  rises  from  the  ocean. 

75.  Extent  of  the  oceans.— The  oceans  occupy  about 
seventy-one  per  cent,  or  considerably  more  than  two- 
thirds,  of  the  earth's  surface.  They  are  divided  by  the 
continental  masses  into  four  grand  divisions,  called  the 
Atlantic,  Pacific,  Indian,  and  Arctic  Oceans.  The  first 
three  of  these  unite  in  the  south.  Formerly  the  south 
polar  region  was  supposed  to  he  occupied  by  a  great  body 
of  water,  knowTi  as  the  Antarctic  Ocean.  But  now  it  is 
known  that  this  region  is  occupied  by  a  continental  maM 
called  the  Antarctic  Continent,  or  Antarctica.  Accord- 
ingly, the  Atlantic,  Pacific,  and  Indian  Oceans  are 
considered  to  extend  to  the  Antarctic  Continent,  and  the 
name  Antarctic  Ocean  is  no  longer  used. 

76.  Relief  of  the  ocean  floor.— If  the  bottom  of  the 
ocean  were  levelled,  the  depth  of  the  water  would  be 
everywhere  more  than  two  miles.  On  the  other  hand, 
if  the  land  were  all  levelled,  its  height  above  the  sea- 
level  would  be  considerably  less  than  half  a  mile.  The 
bottom  of  the  ocean  is  mueh  less  diversified  than  the 
surface  of  the  land.  In  fact,  it  is  generally  flatter  than 
the  most  level  prairie.  Figure  51  represents  sections 
across  the  Atlantic  and  Pacific  Oceans.  Figure  44  is 
a  map  of  the  oceans,  wth  different  shades  to  represent 
the  different  depths.  The  bottom  of  the  North  Atlantic 
slopes  away  from  the  continents  very  gradually  at  first 
(Fig.  51),  so  that  there  is  a  large  area  along  the  coasts  of 
the  continents  of  America  and  Europe  in  which  the  water 
is  comparatively  shallow.  The  shallower  parts  of  these 
continental  shelves  are  called  banks.      The  banks  of  the 
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Atlantic  are  the  greatest  fiahing-grounds  of  the  world. 
At  the  outer  edge  of  the  continental  shelf,  the  slope  of 
the  bottom  is  much  steeper.  This  part  of  the  bottom  is 
called  the  contihoUal  dope.  The  most  striking  feature 
ci  the  bottom  of  the  Atlantic  is  an  elevated  ridge  over 
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which  the  water  is  between  1,000  and  2,000  fathoms 
deep.  It  runs  in  the  form  of  an  S  throughout  the  length 
of  the  ocean,  dividing  it  into  an  eastern  and  a  western 
part.  An  devated  ridge,  over  which  the  water  is  less  than 
500  fathoms  deep,  runs  from  Greenland  through  Iceland 
to  Scotland.  This  separates  the  Arctic  Ocean  from  the 
Atlantic  Ocean  and  prevents  the  mixing  of  the  bottom 
waters  of  these  two  bodies  of  water.  The  most  extensive 
deep  in  the  Atlantic  Ocean  is  situated  north  of  the  West 
Indies  and  is  called  the  Nares  Deep.  In  the  southern 
part  of  this  hoUow,  just  north  of  Porto  Rico,  is  the  deepest 
soun^ng  yet  obtained  in  the  Atlantic  Ocean.  At  this 
point  the  water  is  over  five  miles  in  depth.  Deeps  are 
avoided  in  laying  cables,  in  <Htler  to  prevent  breakage 
and  to  have  the  cables  more  accesriMe  for  repairs. 

The  eastern  maigin  of  the  Pacific  Ocean  (Fig.  61)  has 
a  very  steep  slope:  in  fact,  several  deeps  are  very  close 
to  the  coast  of  South  America.  In  this  respect  it  b  in 
marked  contrast  with  the  margin  of  the  Atlantic  Ocean 
on  the  opposite  coast  of  America.  Tbe  Pacific,  unlike 
the  Atlantic,  has  many  scattered  vokanie  and  CGnl 
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islands  rising;  quite  abruptly  from  great  depths.  In 
the  Pacific  iire  numerous  deeps,  the  most  notable  of 
which  arc  the  Tuscarora  Deep  off  Japan  and  the  Aldrieh 
Deep  east  of  Australia.  Along  the  western  maigins  of 
both  these  deeps  are  trenches  over  4,000  fathoms  in 
depth.  The  greatest  depth  found  in  any  of  the  oceans 
was  recently  discovered  just  east  of  the  Philippines.  At 
this  |X)int  the  wator  is  5,348  fath(nns,  or  more  than  six 
miles  ilitp. 

77.  Deep-sea  depochs. — The  materials  found  on  the 
bottom  of  the  ocean  near  the  coast  consist  largely  of 
sand,  clay,  and  organic  matter  washed  down  by  rivers. 
The  continental  Shelf  is  covered  with  such  deposits. 
Beyond  the  continental  shelf  are  deposits,  called  mudt 
(Fig.  52).  Blue  mud  is  the  kind  of  most  oommtm  occur- 
rence. Sometimes,  however,  a  green  or  red  mud  is  found. 
All  th(>s(>  (Icixjsits  come  largely  from  the  land. 

In  greater  depths 
far  fn>m  the  land 
occur  the  ooxes. 
These  are  very 
fine,  M)ft  depoats, 
which  contain 
Uttle  or  no  land 
«e<limcnt.  The 
ooies  are  com- 
posed  largely  of 
the  shells  of 
marine  animals 
and  plants.  Figure 
53  represents  a 
sample  of  one  of 
these    organic 

ooses  as  seen  under  the  nisrasGi- 
deptlv  Um  ocean  floor  is  oovwsd  n^ 
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day,  the  most  wide-spread  of  all  deep-sea  deposits. 
This  red  clay  is  largely  a  product  of  the  decomposition 
of  volcanic  and  meteoric  dust.  It  frwjuently  contains 
the  ear  bones  of  whales  and  the  ti'eth  of  sharks  in 
great  profusion,  but  no  shells  are  found  in  it.  As 
microscopic  organisms  swarm  in  the  waters  alwve  these 
areas  covered  by  red  clay,  it  is  thought  that  the  lime  of 
their  shells  must  be  dissolved  by  the  sea  water,  the 
solvent  power  of  which  is  increased  at  these  great  depths 
by  the  enormous  pressure. 

As  no  rocks  have  ever  been  discovered  with  a  com- 
position similar  to  that  of  the  red  clay  found  in  the  deep- 
sea  deposits,  it  is  considered  probable  that  the  continents 
have  never  formed  the  beds  of  ocean  deeps.  While  in 
some  cases  lands  have  been  depressed  below  the  sea, 
and  while  in  others  the  bottoms  of  seas  adjacent  to  the 
land  have  been  raised  above  the  water,  the  continents 
as  wholes  have  never  been  depressed  to  form  the  l>eds  of 
oceans,  nor  have  the  ocean  beds  ever  been  elevated 
to  form  continents. 

Physical  Properties  of  Sea  Water 

78.  Temperature — The  heating  of  the  water  of  the 
oceans  is  largely  due  to  solar  radiation.  The  effect  of 
this  is  greatest  upon  the  surface  water.  The  surface 
temperature  generally  decreases  with  distance  from  the 
equator,  but  ocean  currents  cause  the  surface  isotherms 
of  the  water  to  run  verj'  irregularly.  The  annual  range 
of  temperature  of  the  surface  water  is  not  nearly  so 
great  as  that  of  the  land.  The  range  at  the  equator  is 
only  4®F.,  and  at  40**  north  latitude,  where  it  is  greatest, 
only  18.4*'F.,  whereas  the  range  over  the  land  in  parts 
of  Siberia  is  over  120^. 

The  temperature  of  the  water  of  the  ocean  also  decreaaefl 
with  depth.    Figure  54  shows  by  a  graph  the  decrease 
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in  the  South  Atlantic  Ocean  (a  c(mtinuou8  line  A).  While 
the  decrease  is  rapid  to  a  depth  of  600  fathoms,  beyond 
that  it  is  v&y  slow,  but  continues  almost  to  the  bottom. 
The  temperature  of  the  water  in  all  parts  of  the  oceans 
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decrsMss  with  the  depth.  Reeentiy,  however,  K  has  been 
obeenred  that  at  great  depths  there  appears  to  be  a  sUgfat 
rise  of  temperature.  Since  Uquidi,  Kke  giesi,  become 
wanner  when  they  are  oompreased,  thb  rise  of  tempera- 
ture is  probably  due,  partly  to  a  slight  mmprMsion  oif  tlw 
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water  causwl  by  the  groat  pressure,  and  partly  to  a 
slight  radiatiun  of  heat  from  the  interior  of  the  earth. 
The  amount  of  decrease  for  the  first  few  hundred  fathoms 
is  greater  at  the  e<iuator  than  in  higher  latitudes.  There- 
fore the  temperature  of  the  water  at  the  equator  at 
considerable  depths  is  not  much  different  from  the 
temperature  at  the  same  depth  in  higher  latitudes, 
although  the  surface  water  is  much  warmer. 

As  both  the  Atlantic  and  Pacific  Oceans  are  cut  off  from 
the  Arctic  by  submerged  ridges,  the  cold  bottom  water 
of  the  Arctic  is  unable  to  creep  south  into  these  oceans. 
On  the  other  hand,  all  the  great  oceans  lie  open  to 
the  south,  and  the  cold  water  from  the  Antarctic 
region  creeps  north  along  the  bottom  of  the  ocean  beds, 
gradually  rising  in  temperature  as  it  advances  north- 
ward. Conseciuently,  in  the  Pacific,  Atlantic,  and  Indian 
Oceans  the  temperature  of  the  bottom  water  increases 
from  south  to  north,  and  this  increase  continues  beyond 
the  equator.  For  example,  the  water  at  the  bottom  of 
the  Pacific  Ocean  near  the  Aleutian  Islands  in  the  north 
is  at  a  higher  temperature  than  the  lower  layers  of  water 
at  the  equator  in  the  same  ocean. 

Figure  54  (dotted  lines)  shows  by  a  graph  the  decrease 
in  temperature  with  depth  in  a  sea  inclosed  by  a  sub- 
marine ridge.  To  the  depth  of  the  submarine  ridge  (600 
fathoms)  the  decrease  is  rapid;  beyond  that  the  tempera- 
ture remains  the  same  right  to  the  bottom  of  the  sea. 
This  is  the  case  in  the  Mediterranean,  the  Red  Sea,  the 
Caribbean  Sea,  and  several  other  seas  shut  off  from  the 
ocean  by  a  submarine  ridge.  The  decrease  of  temperature 
with  depth  may  be  modified  greatly  in  hmd-locked 
seas,  such  as  the  Gulf  of  St.  Lawrence.  In  this  body  of 
water  a  layer  at  a  depth  of  from  fifty  to  seventy  fathoms 
remans  at  about  32*'F.  throughout  the  year.  The 
surface  water  above  this  reaches  a  temperature  during 
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the  suinmrT  of  aU>ut  ao'F.  Below  the  cold  layer,  at  a 
depth  of  from  100  to  250  fathotu.s,  the  water  Ls  wanner 
and  denser.  In  fact,  it  luv<  the  same  temix>rature  and 
deasity  as  at  eorrespcMiding  depths  in  the  open  Atlantic. 

79.  Sea  ice — Sea  water  free«e«  at  about  29**^'.,  not  at 
32*'F.,  the  freezing-point  of  fresh  water.  The  ice  formed 
contains  no  salt,  though  it  usually  incloees  small  pockets 
of  unfrozen  brine.  As  ice  is  a  ver>'  poor  conductor,  the 
layer  that  forms  on  the  Arctic  Ocean  during  a  winter  is 
not  more  than  six  to  nine  feet  thick,  despite  the  intense 
cold. 

80.  Salt  in  the  sea. — If  one  hundred  pounds  of  sea 
water  Ls  evjtfxjrated,  there  is  a  residue  of  alx)ut  three  and 
a  liolf  pounds  of  salt.  This  residue,  which  is  known  as 
sea-salt,  is  composed  of  a  number  of  substances  mixed 
together.  In  many  parts  of  the  world  common  salt  is 
obtained  by  evaporating  sea  water.  If  a  dosen  bottles 
of  water  of  equal  sise  were  effected  from  various  parts 
of  the  oceans,  and  their  contents  evaporated,  the  amounts 
of  ri«idue  would  vary,  but  the  proportions  of  the  com- 
ponents in  the  residue  would  be  identical. 

The  salinity  of  the  oceans  is  greater  in  some  parts 
than  in  others.  In  the  d(4drums,  where  tliere  is  heavy 
rainfall,  only  thirty-five  pounds  of  salt  are  contained  in 
ever>'  thousand  pounds  of  water.  In  the  trade-vi-ind  belt, 
where  the  dr>'ing  winds  cause  great  evaporation  and 
where  there  is  little  rain,  there  are  thirty-eight  pounds  of 
salt  in  even.'  thousand  pounds  of  water.  In  the  Red 
Sea,  surrounded  by  a  hot  desert,  there  is  no  leas  than 
forty-three  pounds.  In  seas  that  receive  the  dratnafe 
from  great  areas,  the  salinity  may  be  very  low. 

81 .  Colour  and  traniparcncr*— Whnever  sea  water  is 
free  from  sediment  or  organisms,  it  has  a  beautiful  blue 
tinge.  When  it  contains  small  quantities  of  very  fine 
■edinMnt  or  organisms,  it  usually  appean  green,  though 
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these  minute  plants  and  animals  in  certain  csms  may 
give  it  a  brown,  red,  or  olive-green  colour.  At  night  cer- 
tain small  organisms  cause  phosphorescence,  especially 
if  they  are  disturbed.  It  is  not  uncommon,  on  the 
Atlantic  coast  of  Canada,  for  the  wake  of  a  ship  to  appear 
like  a  stream  of  light  on  account  of  this  phosphorescence. 

As  plants  reciuire  light,  it  is  of  interest  to  learn  to  what 
depth  the  rays  of  the  sun  penetrate  the  sea  water.  While 
ver>'  little  light  reaches  Ijeyoml  a  hundretl  fathoms,  rjuite 
recently  it  has  been  proved  that  enough  light  jx'net rates 
to  1,000  fathoms  to  affect  a  photc^aphic  plate  exposed 
for  two  hours,  but  that  no  light  is  detected  at  1,700 
fathoms.  Accordingly,  at  the  bottom  of  the  ocean  at 
great  depths  there  is  the  most  intense  darkness,  and 
plant  life  is  entirely  lacking. 

Nowhere  on  the  earth's  surface  are  there  such  uniform 
conditions  as  exist  at  the  bottom  of  the  deep  ocean. 
The  ocean  floor  is  so  nearly  level  that  for  hundreds  of 
miles  in  every  direction  not  even  a  slight  elevation  breaks 
the  monotony.  The  colour  of  the  clay  is  everywhere  dull 
red.  The  temperature  does  not  vary  by  one-tenth  of  a 
degree  during  the  whole  year.  There  is  no  perceptible 
motion  of  the  water.  The  deepest  darkness  prevails  at 
all  periods  of  the  day  and  night  and  at  all  seasons.  Yet 
even  here  there  are  living  creatures — deep-sea  fish  adapted 
for  life  under  these  strange  conditions.  These  fantastic 
creatures,  accustomed  as  they  are  to  enormous  pressure, 
never  come  of  their  own  accord  into  the  upper  levels  of 
the  water.  In  fact,  to  do  so  would  be  to  court  death, 
as  their  bodies  would  be  distended  and  broken  if  the 
pressure  were  to  be  materially  lessened  or  removed. 

QUESTIONS 

1.  Why  is  the  salinity  of  the  Red  Sea  greater  than  that 
of  the  Gulf  of  St.  Lawrence  ? 
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2.  Is  the  salinity  grwtor  in  the  eestsrn  or  in  the  weeteni  put 
ol  the  MediterraiMMi  See?    Why? 

3.  Gire  e  reason  for  the  fact  that  the  naetciii  part  of  the  Bahae 
Sea  is  merely  brackidu 

4.  ^^'hy  are  souDding  bottles  made  of  metal  of  great  ftihlmMir 
£.  b  an  icefaerf  oompoeed  of  fresh  or  of  salt  water?    Why? 

ft.  What  is  probably  the  food  eaten  by  fishes  and  other  marine 
animals  that  lire  at  the  bottom  of  the  deepest  parts  of  the  ocean? 

7.  A  ilobabr  Teasel  made  of  thm  metal  k  filled  with  ah-.  It  hM 
a  «nker  attached  and  is  sunk  to  the  bottom  at  a  deep  part  of  tha 
ocean.  Deacribe  what  would  probably  hi^jpen  to  the  ircesel  and 
to  the  air. 

R.  A  sound  m  |>roduced  at  the  surface  of  the  oeean,  and  the  echo 
from  the  bottom  is  heard  ten  and  a  half  seeonds  afterwarda.  Baw 
deep  is  the  ocean  at  the  point  of  reflection?  (Velocity  of  sound  in 
aea-water  is  1,732  feet  per  second.) 


CHAPTER  IX 
WA\  KS,  CURRENTS,  AM)  TIDES 

Preliminary  Experimental  Work 

(/)  To  study  the  circulation  of  hot  and  cold  water. — 

Fill  a  small  bottle  with  warm  coloured  water,  and, 
covering  the  mouth  tightly  with  a  finger,  set  it  on  the 
bottom  of  a  large  vessel  full  of  cold  water,  and  then  remove 
the  finger  from  the  mouth.  Which  way  does  the  coloured 
water  flow?  Now  fill  the  small  bottle  with  cold  coloured 
water  and  the  large  vessel  with  warm  water,  and  repeat 
the  experiment,  placing  the  small  bottle  on  its  side  just 
below  the  surface  of  the  water  in  the  vessel.  Which  way 
does  the  wat<?r  now  flow?  Or,  half  fill  a  broad,  shallow 
beaker  with  water.  WTien  the  water  becomes  motionless, 
drop  one  small  lump  of  potassium  permanganate  into  the 
middle  of  the  beaker,  and  one  toward  the  margin.  Im- 
mediately begin  to  heat  the  beaker  with  a  small  flame 
directly  under  the  lump  at  the  centre.  Observe  the 
currents  of  water  as  indicated  by  the  movement  of  the 
potassium  permanganate.  In  what  direction  does  the 
wat^r  move  (a)  immediately  above  the  flame,  (6)  at  the 
bottom  near  the  margin,  (c)  near  the  surface? 

{2)   To  study  the  effects  of  wind  on  the  circukUion  of  voater.  — 

For  this  experiment  a  large  pan,  two  or  three  inches 
deep,  is  required.  Almost  fill  the  pan  with  water, 
and  sprinkle  fine  saw-dust  evenly  over  the  surface.  By 
means  of  a  hand  bellows  blow  steadily  along  the  surface 
of  the  water.    Watch  carefully  the  motion  of  the  saw- 
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dust.  In  wliat  direction  docs  the  water  move?  At 
which  side  of  the  vcswl  does  the  water  tend  to  heap  up? 
Whence  does  the  water  come  to  take  the  place  of  the 
wat«'r  moved  fonn'ani  by  the  wind?  As  the  surface 
water  moves  Ijefore  the  \*ind,  in  what  direction  does  the 
water  near  the  Iwttom  prohably  move?  If  the  surface 
water  were  nuicli  warmer  than  the  deeper  water,  which 
side  of  the  ve>.«*4'l  would  contain  the  warmer  water  at  the 
surfjice  after  the  circulation  had  IxTome  established? 
Place  a  strip  of  galvanized  iron  on  edge  in  the  water,  and 
l)end  it  into  a  form  to  imitate  the  east  coast  of  South 
America.  Blow  along  the  water  toward  the  angle  cor- 
respontling  to  the  eastern  projection  of  South  America, 
and  olwerve  the  circulation.  Bend  the  strip  to  imitate 
the  coast  of  the  Gulf  of  Mexico;  place  a  stone  in  the 
water  to  take  the  place  of  Cuba ;  then  blow  along  the 
R-ater  in  such  a  direction  that  the  air  currents  will 
repres(>nt  the  trade-winds,  and  study  the  circulation. 

(S)   7b  ill  wit  rate  the  motion  of  trares.  — 

Fill  a  long,  narrow  trough  with  water,  and  place  a 
cork  upon  the  water  at  al>out  the  middle  of  the  trough. 
With  a  paddle  give  the  water  at  one  end  a  sudden  push 
toward  the  other  end  of  the  trough.  Describe  the  mov^ 
ments  of  (a)  the  wave,  (6)   the  cork. 

OcKAN  Currents 

82.  Detection  of  currents  in  the  ocean. — The  water  of 
the  ocean  is  never  abeolutely  at  rest.  Its  important 
movements  are  of  two  kinds — waves  and  currents.  While 
ordinarv'  waves  are  familiar  to  anybody  who  has  seen  a 
Uxly  of  water,  currents  are  more  difficult  to  detect.  Yet 
thire  are  many  kinds  of  evidence  to  prove  that  there  are 
currents  in  the  ocean.  For  example,  a  ship,  steaming  in 
a  fixed  direction  at  a  known  speed  for  a  measured  time, 
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may  find  that  it  has  been  carried  from  its  course  and  so 
has  not  reached  the  position  that  it  should  occupy 
aooording  to  its  reckoning.  As  allowance  can  be  made  for 
any  drifting  caused  by  the  ^ind,  the  divergence  must  l>e 
due  to  ocean  currents.  Derelicts  liave  been  oli8<?rved 
intermittently  on  an  ocean  for  months,  and  each  time 
they  have  occupied  a  new  position.  Their  movement 
cannot  be  wholly  explained  by  the  effect  of  the  wind, 
hence  it  must  be  chiefly  due  to  currents.  Again,  many 
objects,  such  as  sealed  bottles  with  messages  and  requests, 
have  been  dropped  into  the  ocean,  and,  after  varj-ing 
periods,  have  been  washed  up  on  distant  shores. 
Recently  a  buoy  broke  from  its  moorings  in  the  St. 
Lawrence  River  ;  it  was  afterwards  picked  up  off  the 
Scilly  Islands  at  the  other  side  of  the  Atlantic  Ocean. 
The  drift  of  icebergs  is  almost  entirely  due  to  ocean  cur- 
rents or  to  tidal  streams.  When  icebergs  enter  the  Strait  of 
Belle  Isle,  for  instance,  they  move  back  and  forth  with  the 
flow  and  the  ebb  of  the  tide.  So  small  is  the  part  of  an 
icelxjrg  projecting  above  the  surface  of  the  sea,  as  com- 
pared with  the  part  immersed,  that  the  wind  can  have 
little  influence  in  detennining  the  movement  of  the  berg. 
Ships  in  the  far  north  are  frequently  frozen  in  the  field  of 
ice,  and  in  this  condition  may  drift  for  thoasands  of  miles. 
The  fact  that  trees  which  grow  only  in  Sil)eria  had  been 
frequently  found  to  the  east  of  Greenland  led  Nansen, 
the  great  Arctic  explorer,  to  believe  that  a  current  flowed 
across  the  Arctic  Ocean  from  Siberia  to  Greenland. 
Surmising  that  it  might  flow  pa.st  the  north  pole,  he 
determined  to  allow  his  ship  to  freeze  in  the  ice  north  of 
Siberia,  in  the  hope  that  he  would  reach  the  pole  by 
drifting.  His  plan  was  almost  successful,  as  his  ship 
drifted  to  a  position  nearer  the  pole  than  had  been  reached 
by  any  explorer  before  him.  All  the  foregoing  indications 
of  ocean  currents  have  been  of  great  service  in  the  past. 
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Modem  infltmments  now  make  nKNPe  exact  methods  of 
detecting  currente  availaUe.  At  the  iMeeent  time  it  is 
posedUe,  even  in  mid-ocean,  not  only  to  detect  a  current 
at  any  depth,  but  also  to  measure  its  velocity  and  to 
determine  ita  direction. 

Recently  H.  X.  Dickson,  of  Oxford  University,  added 
much  to  our  knowledge  of  ocean  currents,  by  examining 
the  salinity  and  temperature  of  the  North  Atlantic  Ocean. 
The  water  of  the  northern  section  of  this  part  of  the  ocean 
is  colder  and  fresher  than  that  of  the  southern  section. 
By  studying  mcmthly  maps  of  salinity  and  temperature, 
which  were  prepared  from  data  collected  by  sea  captains, 
Dickson  found  that  great  tongues  of  fresh,  cold,  Arctic 
water  extended  into  the  warmer,  more  saline  waters  of 
the  south,  and  ^ace  versa.  He  concluded  that  these 
tcmgues  of  water  were  carried  beyond  their  normal 
region  by  currents.  Consequently,  he  was  able  to  trace 
the  courses  of  the  currents  of  the  North  Atlantic  more 
aoourately  than  they  had  ever  been  traced  before. 
W.  Bell  Dawson,  Superintendent  oS  the  Tidal  and  Current 
Survey  of  Canada,  also  used  this  method  with  suooen 
in  charting  the  currents  of  the  Gulf  of  St  Lawrence. 

83.  Kinds  of  ctsrrenta. — The  currents  in  the  ocean  are 
of  two  typefl.  A  drift  current  is  a  broad,  thin  sheet  of 
water  that  moves  forward  slowly,  its  velocity  being 
not  more  than  fifteen  or  twenty  miles  a  day.  Its  boun- 
daries are  ill  defined.  A  atream  current  is  much  nanower 
and  deeper,  often  extencUng  toadepth  of  a  thousand  feet 
or  more.  Its  velocity  is  much  greater  than  that  of  a 
drift,  reaching  eighty  or  even  one  hundred  miles  a  day. 
In  some  eaees  a  velocity  of  five  niQea  an  hour  b  attained — 
a  speed  equal  to  that  of  a  tmihfy  fiowing  river.  The 
boundaries  of  a  stream  are  better  defined  than  thoee  of  a 
drift ;  in  fact,  sometimes  they  are  so  flsan  cut  that  it  is 
possible  for  a  ship  to  be  half  in  a  stream  current  and  half 
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out  of  it.  The  boundary  between  the  water  of  the  stream 
and  the  water  beyond  may  be  detected  by  differences  of 
colour  and  temperature.     Stream  currents,  such  as  the 


Fij.  35. — Chief  currenU 

Gulf  Stream,  may  properly  be  called  "rivers  in  the 
ocean. " 

84.  The  currents  of  the  oceans. — Figure  55  represents 
the  main  surface  circulation  of  the  oceans  and  phows  the 


WAVES,  CURRENTS,  AND  TIDES 


139 


names  of  the  chief  currents.  On  each  side  of  the  equator 
a  bn)a<i,  shallow  drift  flows  from  east  to  west  acrofls  the 
Atlantic  (Xt-an,  with  a  velocity  of  from  fifteen  to  twenty- 


utkt 


five  miles  a  day.  Between  these  two  currenta  is  a  narrow, 
UMefined  countciHrurrent,  Bowing  in  the  opposite 
dinrtion.  The  South  Equatorial  Drift  is  split  on  the 
projecting  part  of  South  America.    The  loutbem  and 
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smaller  branch  flows  down  along  the  coast  of  Brazil. 
The  northern  and  major  portion  skirts  the  north  coast  of 
South  America  and  enters  the  Gulf  of  Mexico.  Part  of 
the  North  Etinntnrial  Drifi  unites  with  the  northern 
branch  of  the  South  Equatorial  Drift  before  it  enters  the 
Gulf  of  Mexico.  This  influx  of  water  tends  to  raise  the 
level  of  the  Gulf  of  Mexico,  so  that  a  head  of  water  is 
formed  which  forces  out  of  the  Strait  of  Florida  the  most 
remarkable  and  best  known  stream  current  in  the  world 
— ^the  famous  Gulf  Stretim.  As  the  Gulf  Stream  leaves 
the  Strtut,  it  is  fifty  miles  wide  and  about  two  thousand 
feet  deep — a  vast  river  of  warm  water  sweeping  onward 
with  a  velocity  of  almost  five  miles  an  hour.  The  tem- 
perature of  its  surface  water  \a  high,  being  over  SOT. 
After  leaving  the  Strait  it  Ls  joined  by  the  other  branch 
of  the  North  Equatorial  Drift,  and  moves  north-eastward 
at  an  increasingly  great  distance  from  the  coasts  of  the 
United  States  and  Nova  Scotia.  It  cannot  be  detected 
beyond  the  region  just  south-east  of  Newfoundland. 

A  drift  current,  called  the  West  Wind  Drift,  moves 
across  the  Atlantic  Ocean  toward  Europe.  This  divides 
into  a  northern  and  a  southern  branch.  The  former, 
called  the  European  Current,  further  subdivides  into 
three  main  branches.  One  of  these  skirts  the  coast  of 
Norway;  another  the  coast  of  Iceland;  the  third  moves 
up  Davis  Strait  close  to  the  coast  of  Greenland.  The 
southern  branch  skirts  the  west  coast  of  Africa  and  unites 
with  the  North  Equatorial  Drift. 

The  North  Equatorial  Drift,  the  Gulf  Stream,  the 
West  Wind  Drift,  and  the  European  Current  produce  a 
great  whirl,  or  eddy,  in  the  North  Atlantic  Ocean.  At 
the  centre  of  this  whirl  b  an  area  of  still  water  called  the 
Sargasso  Sea.  This  sea  contains  great  quantities  of 
floating  sea-weed,  which  is  sometimes  so  matted  that  it 
looks  as  though  one  could  walk  upon  its  surface. 
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Since  in  the  region  of  the  Roaring  Forties  (Sec.  51), 
a  West  Wind  Drift  is  well  developed,  there  is  a  South 
Atlantic  whiri  similar  in  most  respects  to  that  in  the 
North  Atlantic.  The  current  in  the  South  Atlantic, 
however,  moves  in  a  direction  opposite  to  that  of  the 
hands  of  a  clock,  or  counter-clockwise,  while  in  the 
North  Atlantic  it  moves  clockwise. 

Besides  these  two  Atlantic  whirls  there  are  currents 
that  move  from  the  Arctic  and  Antarctic  regions  toward 
the  equator.  One  of  these,  the  iMhrndor  Current,  flows 
along  the  west  side  of  Davis  Strait,  moves  down  the  coast 
of  I^brador,  and  then  follows  the  east  coast  of  New- 
foundland. It  then  hugs  the  coast  of  the  United  States 
as  far  as  Cape  Hatteras,  but  there  disappears,  probably 
pasnig  under  the  Gulf  Stream.  During  the  winter  this 
current  terminates  the  northerly  flow  of  the  Gulf  Stream, 
and  thus  forms  a  cold  wall  between  the  warm  waters  of 
the  Gulf  Stream  and  the  waters  of  the  West  Wind  Drift. 

In  the  Pacific  Ocean  (Fig.  55)  there  are  two  whirls  of 
water  comparable  to  those  of  the  North  and  the  South 
Atlantic  Ocean.  In  the  North  Pacific  the  Kuro  Siito, 
or  .J-if^in  Current,  oorrespcnids  to  the  Gulf  Stream  in  the 
Athmtir,  and  a  West  Wind  Drift  also  moves  across  the 
Purific  to  the  coast  of  British  Columbia. 

In  the  Indian  Ocean  (Fig.  55)  south  of  the  equator, 
there  is  a  whirl  similar  to  those  in  the  South  Atlantic 
and  the  South  Pacific.  North  of  the  equator  is  a  whiri 
which  moves  for  half  the  year  in  one  direction  and  for 
the  other  half  in  the  opposite  directioo,  the  change  of 
direetkm  corresponding  with  the  change  fai  the  direetkn 
of  the  RJonsoonB. 

The  current  jtitt  north  ol  Antarctica,  b  00*  south 
latitude,  which  moves  from  west  to  east  around  the 
worid,  appears  to  be  the  greateei  of  all  drift  rurrentt. 
Under  the  influence  of  the  ttoady  west  winds,  it  moTtt 
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forward  with  a  velocity  which  sometimes  reaches  more 
than  two  miles  an  hour.  No  other  drift  moves  at  so 
great  a  speed. 

Besides  the  great  ocean  currents,  there  are  currents 
through  struts  that  separate  the  ocean  from  adjoining 
seas.  As  the  Mediterranean  Sea  and  the  Rod  Sea  are  in 
regions  of  little  rain  juid  great  heat  (Fig.  15),  the  water 
lost  by  evaporation  is  much  greater  than  that  supplied 
by  rain  and  rivers.  Accordingly,  there  arc  strong 
surface  currents  into  the  Mediti'rranean  Sea  through  the 
Strait  of  Gibraltar  and  the  Dardanelles,  and  into  the 
Red  Sea  through  the  Strait  of  Balwl-Mandeh.  On 
account  of  the  small  rainfall  and  the  great  evaporation 
over  the  Mediterranean  and  Red  Seas,  the  water  in  them 
b  much  saltier  than  that  of  the  oceims.  Since  the  density 
of  salt  water  increases  with  its  salinity,  at  considerable 
depths  the  pressure  of  the  more  saline  water  of  the  seas 
is  greater  than  the  pressure  of  the  less  saline  water  of 
the  ocean  at  the  same  level.  Consequently,  at  a  depth 
of  several  hundred  fathoms  there  is  a  current  through 
each  of  these  straits  from  the  sea  to  the  ocean.  Thus 
there  is  an  in-coming  surface  current  through  these 
straits,  and  an  out-going  current  at  a  deeper  level. 

Besides  the  currents  described  above,  there  are  both 
vertical  and  horizontal  movements  of  the  water  so  slow 
that  they  are  difficult  to  detect.  For  example,  there  is 
the  slow  creep  northward  of  the  cold  Antarctic  waters 
along  the  lx)ttoms  of  the  three  great  oceans. 

85.  Causes  of  ocean  currents. — If  a  piece  of  ice  is 
placed  at  one  end  of  a  long  vessel  full  of  water  and  the 
water  at  the  other  end  of  the  vessel  is  kept  warm,  a  regular 
circulation  of  the  water  results.  The  warm  surface 
water  flows  toward  the  ice,  the  cold  water  near  the  ice 
sinks,  a  cold  current  moves  along  the  bottom  from  the 
cold  to  the  warm  area,  and  then,  becoming  warm,  rises, 
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forcing  more  wann  water  across  toward  the  ice.  Similar 
oonditioQfl  obtain  im  the  oceans,  and,  as  a  result,  the 
cold  water  from  the  south  polar  regions  creeps  along 
the  bottom  toward  the  equator. 

Wherever  there  is  a  difTcrence  in  level  liftwi'i'n  two 
adJHoint  areas  of  the  ocean,  there  is  always  a  surface 
flow  from  the  region  of  higher  level  to  the  region  of  lower 
level.  Kxrcsttve  rainfall,  or  a  large  volume  of  water 
|)()un-il  into  the  ocean  from  rivers,  causes  an  elevation  of 
the  water  level  in  the  re^on  affected,  while  excessive 
eva|K)ratiofi  produces  a  depression  of  the  level  of  the 
water.  Wherever  there  is  a  difference  in  density  between 
two  adjacent  areas  of  the  ocean,  there  is  always  a  mov&> 
ment  from  the  area  of  greater  density  to  the  area  of  lees 
deu>ity.  Incraased  salinity  or  decreased  temperature 
causes  an  increase  of  density. 

The  effect  of  theee  agents,  however,  in  producing  ctu^ 
rents,  is  slight  when  compared  vvith  the  great  piiri  played 
by  the  winds.  When  winds  blow  over  the  surface  of 
the  ocean,  the  fricti<ni  between  the  air  and  the  water 
causes  the  surface  layer  of  water  to  move  in  the  direction 
of  the  wind.  This  movement  fA  the  upper  layer  is 
gradually  transmitted  by  fricticm  to  the  water  below  to  a 
depth  of  several  hundred  feet.  The  prevailing  winds 
determine,  to  a  great  extent,  the  direction  of  the  great 
surface  currents  oi  the  ocean.  The  equatorial  currents 
in  the  three  oceans  are  caused  by  the  trade-winds.  The 
West  W^'md  Drifts  in  the  temperate  wne  are  all  driven 
eastward  by  the  prevailing  weaterliet.  An  EngUab 
Bsographer  conttrueted  an  accurate  model  of  the  Atlantic 
Ocean  and  placed  water  on  it  to  the  proper  depth.  He 
then  caused  air  currents  to  blow  over  the  water  in  the 
direction  of  the  trade-winds  and  the  weateriiea.  The  cur- 
renta  thus  produced  imitated  so  closely  those  of  the  AUantic 
Ocean,  that  no  doubt  remained  as  to  the  dose  relation 


144  PHYSICAL  OEOORAPHY 

between  the  prevailing  winds  and  the  ocean  currents. 

While  winds  orifpnate  and  drive  forward  the  surface 
currents,  two  other  factors  help  to  determine  their  direc- 
tion. The  first  is  the  shape  of  the  coasts  against  which 
the  currents  strike;  as,  for  instance,  the  effect  of  the 
coast  of  Brazil  upon  the  South  Equatorial  Drift.  The 
second  is  the  influence  of  the  earth's  rotation.  The 
effect  of  the  latter  is  the  same  on  water  as  on  air  (Sec.  46), 
deflecting  all  currents  in  the  northern  hemisphere  to  the 
right  of  their  course  and  all  in  the  southern  hemisphere 
to  the  left  of  their  course.  Thus  the  Gulf  Stream  is 
gradually  deflected  from  the  American  coast,  while  the 
Labrador  Current  is  thrown  close  to  the  coast  throughout 
its  course,  in  each  case  the  deflection  being  to  the  right. 

86.  The  effects  of  ocean  currents.— Ocean  currents  have 
had  a  marked  effect  on  commerce.  Since  the  direction 
of  the  surface  currents  of  the  ocean  and  the  prevailing 
winds  are  in  most  cases  the  same,  sailing  vessels  naturally 
shape  their  courses  so  as  to  secure  the  double  advantage 
of  favourable  wind  and  current.  Some  of  the  stream 
currents,  such  as  the  Gulf  Stream,  which  flow  rapidly 
and  are  not  directly  determined  by  the  winds,  have  also 
had  a  marked  influence  on  the'  courses  of  ships.  Ocean 
currents  also  have  some  effect  in  modif>'ing  climate,  but 
this  is  not  so  considerable  as  was  once  thought.  Even 
if  there  were  no  currents  in  the  North  Atlantic,  the 
westerlies  blowing  from  the  Atlantic  during  the  winter 
would  greatly  moderate  the  climate  of  western  Europe. 
Ag^,  Labrador  is  bleak,  not  so  much  because  of  the 
proximity  of  the  Labrador  Current,  as  because  its  pre- 
vailing winds  blow  from  the  cold  interior  of  northern 
Canada. 

Waves 

87.  Nature  of  waves. — The  waves  of  the  surface  of  a 
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Imdy  of  water  are  the  beet  known  of  all  its  movements. 
When  a  stone  is  dropped  into  water,  successive  waves 
travel  outward  in  ever  enlarging  circles.  A  wind,  blowing 
over  the  surface  of  a  body  of  water,  soon  causes  waves  to 
form,  and  the  greater  the  velocity  of  the  wind,  the  higher 
and  longv  are  the  waves.  Water  waves  consist  of  a 
suooenion  of  crests  and  hollows  (Fig.  56).    The  distance 


Fig.  6S. — Section  through  wat«r  wstm 

from  crest  to  crest  {A  to  A)  or  from  hollow  to  hollow  (B 
to  B)  IB  called  the  voate-Ungth,  and  the  vertical  distance 
from  the  top  of  the  crest  to  the  bottom  of  the  hollow 
(.\ftoN)  is  called  the  am])litu(le,  or  heiffht  of  the  wave. 
While  the  waves  of  a  body  of  water  in  which  there  is  no 
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current  move  forward,  a  piece  of  wood  floating  on  its 
nurfaoe  has  scarcely  any  forward  movement,  but  merdy 
on  the  crests  and  nnki  into  the  hollows  of  saoosMlve 
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waves.  Thf  w.nrr  luirticlcs  composing  the  wave  rise 
and  fall  like  the  object  floating  on  the  surface,  so  that 
there  is  no  actual  forward  movement  of  the  water  it^lf, 
which  mcn'Iy-  rises  and  sinks  in  the  same  place.  E.-nh 
of  the  particles  of  water  rises  with  the  advance  of  the 
crest  and  falls  with  the  advance  of  the  hollow.  The 
particles  do  not  rise  and  fall  in  a  vertical  line,  but  move  in 
a  vertical  circle  as  represented  in  Figure  57.  Vertically 
below  the  crest  they  move  in  the  direction  of  the  advance 
of  the  wave,  and  vertically  below  the  hollow  they  move 
in  the  opposite  direction,  as  indicated  by  the  arrows. 
The  size  of  the  circle  in  which  the  water  particles  move  is 
greatest  at  the  surface  and  rapidly  decreases  with  the 
depth.  In  a  wave  500  ft.  long  and  30  ft.  high,  a  particle 
of  water  at  the  surface  moves  through  a  circle  whose 
diameter  is  30  ft.,  while  a  particle  at  a  depth  of  500  ft. 
moves  through  a  circle  whose  diameter  is  not  more  than 
1  inch.  The  particle,  at  a  depth  of  500  ft.,  would  not 
make  more  than  five  revolutions  in  a  minute.  Accord- 
ingly, the  force  of  the  wave  movement  decreases  rapidly 
with  increasing  depth.  In  shallow  bodies  of  water  such 
as  Lake  Erie,  the  waves  may  stir  up  the  bottom  so  as  to 
make  the  whole  lake  turbid ;  but  in  the  deep  water  of  the 
ocean  the  bottom  is  undisturbed  by  even  the  most  violent 
storms. 

88.  The  phenomena  of  waves. — The  height  and  the 
length  of  a  wave  depend  on  several  factors.  If  the  water 
is  deep,  the  size  of  the  wave  depends  on  the  velocity  of 
the  wind,  on  the  length  of  time  it  has  been  blowing,  and 
on  the  length  of  the  uninterrupted  sweep  of  the  wave 
itself,  or  its  reach.  On  the  ocean,  where  the  conditions 
for  the  formation  of  large  waves  are  most  favourable, 
they  occasionally  reach  a  height  of  over  40  feet  and  a 
length  of  1,000  feet  or  more.    On  Lake  Superior  the 
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larn^t  waves  are  from  20  to  25  ft.  high  and  from  275  to 
:i2o  ft.  long. 

The  velocity  of  waves  in  deep  water  depends  on  their 
height  and  length.  The  long,  high  wave  moves  fastest, 
in  shallow  water  the  friction  of  the  bottom  checks  the 
movement  of  the  lower  part  of  the  wave.  As  the  wave 
rtpproaches  the  shcMTC,  the  mider  half  b  checked  more 
:ind  more,  while  the  upper  part  Ls  unimpeded;  until  at 
last  the  uppCT  part  curls  over  and  breaks  upon  the  beach. 
The  heaviest  and  most  powerful  breakers  in  the  world  are 
those  on  the  Guinea  Ckmst  of  Africa,  where  there  is  a 
constant  swell  rolling  in  from  the  South  Atlantic. 

The  friction  of  the  bottom  also  has  the  effect  of  turning 
waves,  whatever  thdr  imtial  direction,  parallel  with  the 
shore.  When  a  wave  approaches  the  shore  obliquely, 
the  end  of  the  wave  closer  to  the  shore  feels  the  retarding 
effect  of  the  friction  of  the  bottom  first.  Therefore  the 
forward  movement  of  that  end  of  the  wave  slackens, 
while  the  other  end  moves  on  with  speed  unchanged. 
lliis  cf)ir  '   lx)th  ends  are  in  water  of  equal 

depth,  ti  1  with  the  shore. 

89.  The  work  done  by  wavcfc— Waves  bring  all  parts 
•  •f  the  wat«r  from  ooosiderable  depths  to  the  surface, 
u  I  re  it  becomes  impraiiiated  vsith  oxygen  from  the  air. 
They  are  also  unportant  agents  in  sculpturing  rocky 
(OL-t -lines  into  many  fantastic  shapes  (Sec.  136). 

Ihi  force  of  the  waves  is  so  tremendous  that  engineers 
who  construct  piers  and  breakwaters  in  harbours  find  it 
very  difficult  to  cope  with  their  destructive  power.  At 
Peterhead,  Scotland,  where  the  fetch  of  the  waves  is 
three  himdred  miles,  blocks  of  concrete  weighing  forty 
tans  and  placed  forty  feet  below  km  water  have  been 
(fisplaced  by  the  waves.  During  the  construction  of 
Pl>inouth  breakwater  blocks  of  stone,  weighinK  from 
seven  to  nine  tons,  were  carried  dear  over  the  breakwnttr 
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in  a  violent  storm.  At  Bishop  Ro<k  lighthouse  the 
waves  tossed  an  iron  column,  weighing  over  three  tons, 
to  a  height  of  twenty  feet  and  lo<lged  it  on  the  top  of 
a  rock. 

The  innumerable  waves  on  all  great  bodies  of  water 
exert  so  great  a  force  in  the  aggregate,  that  the  combined 
power  of  Niagara  Falls  and  all  the  other  cataracts  of  the 
world  is  insignificant  compared  with  theirs.  Yet  up  to 
the  present  man  has  failed  to  harness  this  mighty  power 
for  his  use. 


Fie.  08. — Otupb  of  the  tidei  at  Father  Point. 

Tides 
90.  High  and  low  tides. — The  level  of  the  water  along 
the  shores  of  the  Great  Lakes  changes  ver>'  little  from 
hour  to  hour  or  from  day  to  day.  The  level  of  the  water 
along  the  sea-coast,  however,  rises  and  falls  periodically. 
The  slow  but  steady  rise  of  the  water  continues  for  almost 
six  hours;  then,  after  a  short  pause,  the  water  begins  to 
recede.  After  slowly  receding  for  almost  six  hours,  it 
again  pauses  for  a  short  time.  Then  the  whole  process 
is  repeated.  The  high  water  is  called  high  tide,  and  the 
low  water  is  called  low  tide.  The  average  time  between 
two  successive  high  tides  or  between  two  successive  low 
tides  is  twelve  hours  and  twenty-five  minutes,  but  there 
may  be  a  wide  variation  from  this  average.  On  an 
exposed  coast,  as  in  the  Gulf  of  St.  Lawrence,  the  difference 
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in  height  between  high  and  low  tide  is  not  more  than 
four  or  five  feet,  while  in  narrow  bays  and  the  mouths  of 
rivers  the  tide  may  rise  at  times  to  a  height  of  forty  or 
fifty  fe<'t. 

91.  Spring:  and  neap  tides.  —  Figure  58  is  a  graph 
of  the  tides  at  ratlar  Point  on  the  Lower  St. 
Lawrence  for  the  month  of  November.  Notice  that  the 
high  tides  steadily  become  higher,  and  the  low  tides 
steadily  become  lower,  until  about  November  4th  or 
5th,  immediately  following  the  new  moon.     Then  the 


Quebec,  for  Um  mooUi  of  NoTwnber.  lOlH 

height  of  the  high  tide  begins  to  decrease,  and  the  height 
of  the  low  tide  begins  to  increase.  This  continues  until 
alx>ut  Noveml)er  11th  or  12th,  when  the  first  quarter 
of  the  moon  is  reached.  The  range  of  the  tides  then 
begins  to  increase  ooce  more,  reaching  a  maximum  at 
alK)ut  the  full  moan  on  November  18th  or  10th.  Then 
the  nmge  again  diminishes  until  tlie  third  quarter  of  the 
moon.  This  periodic  fluctuation  oorrriated  with  the 
phaAOM  of  the  moon  is  obeerved  to  occur  very  generally. 
The  tidcH  with  mft^"*""  range,  which  occur  near  the 
time  of  new  or  full  nuxm,  are  called  tpring  tide$;  thoae 
with  minimum  range,  which  occur  tX  the  fint  and  third 
quarters  of  the  moon,  are  called  iMop  iidm.  The  tides  of 
many  parts  of  the  world  have  well-marked  sprinfs  and 
neaps  like  Umw  jiMt  deMribed.    As  the  tidea  of  WeHem 
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Europe  usually  show  this  characteristic  prominently,  tho 
idea  has  become  prevalent  that  this  is  the  most  charac- 
teristic phenomenon  of  tides  in  all  parts  of  the  world. 
But  such  is  not  the  case.  For  example,  if  the  tides  of  St. 
John,  N.B.,  are  examined,  it  will  \)e  foimd  that  their 
maximum  range  does  not  occur  at  new  and  full  moon 
unless  the  moon  is  in  perigee.  This  characteristic  is  also 
very  marked  in  the  tides  of  Hudson  Strait. 

92.  Tides  and  estuaries. — ^The  tidal  movement  is  reallj' 
an  advancing  wave  ;  and  the  explanations  regarding  wave 
motion  apply  also  to  it.  The  tide  advances  as  a  very 
long  wave.  While  the  crest  is  approaching  a  point,  the 
tide  is  rising.  After  the  crest  has  passed,  the  tide  falls 
until  the  middle  of  the  hollow  of  the  tidal  wave  is  reached. 
On  the  open  sea  it  is  probable  that  the  height  of  the 
tidal  wave  is  not  more  than  two  feet,  and  on  open  coasts, 
as  at  St.  Paul's  Ishmd  in  Calx)t  Strait,  it  is  only  two  or 
three  feet  in  height.  When  the  tidal  wave  enters  a 
narrowing  bay  or  the  wide  mouth  of  a  river,  its  height  is 
much  greater.  As  it  advances  into  an  ever-narrowing 
channel,  it  rises  higher  and  higher,  and,  as  the  depth  of 
water  decreases,  it  advances  more  and  more  slowly. 
After  a  time,  however,  it  exhausts  itself,  and  in  the  upper 
reaches  of  a  tidal  river  the  range  of  the  tide  steadily 
diminishes.  These  facts  can  be  observed  in  the  rivers 
emptying  into  the  Gulf  of  St.  Lawrence,  and  especially  in 
the  St.  Lawrence  estuary.  The  rise  during  flood  title  is 
accompanied  by  a  strong  current  up  stream,  and  the  fall 
during  ehh  tide  is  accompanied  by  a  current  down  stream. 
These  currents  keep  the  bed  of  the  river  well  scoured  and 
prevent  sand-bars  and  deltas  from  forming.  Under 
certain  conditions  the  advancing  tide  assumes  the  form 
of  a  wave  with  an  almost  vertical  front.  Such  a  tide 
is  called  a  horr. 

93.  Tides  in  the  Bay  of  Fundy. — In  the  Bay  of  Fundy 
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(Fig.  59)  occur  some  of  the  highest  tides  in  the  world. 
These  are  in  Cobequid  Bay,  where  the  fn^atest  recorded 
range  of  a  single  tide  is  slightly  over  fifty-three  feet.  At 
the  head  of  Chignecto  Channel,  in  the  northern  branch 
of  the  Bay  of  Fundy,  occurs  one  of  the  most  noted  bores 
in  the  world.  It  runs  up  the  Petitcodiac  River  for 
twenty-one  miles  and  can  be  readily  observed  at  Moncton. 


rig.  as.— Th*  Bar  of 
•DdoTlte 


III*  pMlttoa  of  Um  boi% 


94.  Importance  of  tides.— If  there  wtn  no  tides,  some 
of  the  greatest  seaports  in  the  world  would  never  have 
existed.  Britain  especially  would  suffer,  as  some  of  her 
finest  and  busiest  harbours  are  situated  on  tidal  estuaries. 
The  tidal  currents  keep  the  chaimfib  of  the  sstuariet 

p.  O.   11 
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scoured  clean,  and  twice  a  day  fill  tnim  wnn  w.utr,  so 
that  the  largest  ocean  steamers  can  penctrat(>  far  up  their 
channels,  which,  without  tides,  would  contain  little  water. 
Liverpool,  Bristol,  and  certain  other  great  ports  are 
accessible  to  ocean-^oing  vessels  only  because  of  the  tides. 

Practical  Exercises 

To  study  from  a  map  of  the  ocean  currents  their 
courses*  causes,  and  effects. — Figure  55  marks  the  ocean 
currents  of  the  world.  What  is  the  direction  of  the  main 
currents  in  the  Atlantic  Ocean  on  lx)th  sides  of  the 
equator?  What  is  the  direction  of  the  winds  in  this 
region  (Fig.  29)  ?  What  is  the  main  direction  of  the 
currents  between  40°  and  60"  in  the  North  and  the  South 
Atlantic?  What  is  the  direction  of  the  winds  in  these 
regions?  Consult  Section  83  and  find  whether  these 
currents  are  stream  or  drift  currents.  What  are  the 
names  of  these  currents?  If  there  are  steady  cur- 
rents from  east  to  west  across  the  Atlantic  Ocean 
on  each  side  of  the  equator,  what  effect  must  they 
have  on  the  level  of  the  water  on  the  east  and  west 
sides  of  the  Atlantic  between  the  tropics?  What 
effect  must  the  West  Wind  Drifts  have  on  the  level  of 
the  water  in  the  North  and  South  Atlantic  between  40* 
and  60**?  In  what  direction  must  the  currents  flow  on 
the  west  side  of  the  Atlantic  Ocean  l)etween  the  region 
of  the  Equatorials  and  the  West  Wind  Drifts?  What 
difference  of  level  should  the  Equatorials  and  the  West 
Wind  Drifts  tend  to  produce  on  the  east  side  of  the 
Atlantic?  In  what  direction  do  the  currents  flow  that 
move  between  the  West  Wind  Drifts  and  the  Equatorial 
Drifts  on  the  east  side  of  the  Atlantic?  What  effect 
has  the  projecting  part  of  South  America  on  the  South 
Equatorial  Drift?  Trace  the  course  of  the  branches  of 
the  West  Wind  Drift  in  the  North  Atlantic.     What  is 
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the  direction  of  the  current  near  the  equator  between 
the  North  and  South  Equatorial  Drifta  ?  By  an  exami- 
nation of  a  map  of  the  winds  (Fig.  29),  note  the  relation 
of  this  current  to  the  doldrums.  Refer  to  your  conclu- 
sions as  to  the  relative  levels  of  the  east  and  west  sides 
of  the  Atlantic  in  this  region,  and  then  give  a  probable 
explanation  of  this  counter-current.  Are  currents 
flowing  away  from  the  equator  warm^  or  colder  than 
the  parts  of  the  ocean  to  which  they  flow  ?  Are  currents 
flowing  toward  the  equator  warming  or  cooling  currents  ? 
Why  are  the  isotherms  of  70*  (Fig.  15)  farther  apart  on 
the  west  than  on  the  east  side  of  the  Atlantic  Ocean? 
Why  do  the  isotherms  of  40*  and  50*  in  the  North 
Atlantic  run  north-east  frcHn  America  to  Europe?  Does 
a  warm  or  a  c-ijld  current  directly  affect  the  climate  of 
the  adjacent  land  ?  If  a  prevailing  wind  blows  frcHn  a 
warm  current  to  adjacent  land,  what  effect  will  it  have 
on  the  climate  of  the  land  ? 

Comptare  the  currents  in  the  Pacific  Ocean  with  those 
in  the  .\tlantic.  Are  there  equatorial  currents  and  equa- 
torial Co  irrents  in  the  Pacific?  .\re  there  North 
and  Souu.  -\  . :  Wind  Drifts?  What  current  in  the  Pacific 
Ooean  corresponds  to  the  Gulf  Stream  ?  To  the  Canaries 
Curn'Ht  ?  To  the  Norwegian  Current  ?  Is  there  a 
current  corresponding  to  the  Labrador  Current?  Do 
the  currents  in  the  North  and  South  Pacific  whirls  move 
clockwise  and  counter-clockwise  respectivdy  7 

Compare  the  currents  in  the  Indian  Ocean  south  of  the 
equator  with  those  in  corresponding  parts  of  the  Atlantic 
and  Purl  fir  Oceans.  Study  the  winds  north  of  the 
equator  in  the  Indian  Ocean  (Fig.  30),  and  then  explain 
why  the  currents  b  this  region  take  one  direction  during 
the  summer  and  an  opposite  direction  during  the  winter, 
as  indicated  on  the  map. 
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QUESTIONS 

1.  BmnohM  of  treea  that  grow  only  in  Siberi*  are  oooasion- 
ally  washed  ashore  on  the  west  coast  of  Greenland  or  on 
lodand.  What  can  be  inferred  from  this  as  to  the  currents 
of  the  Arctic  Ocean  ? 

2.  If  the  level  of  the  water  in  a  sea  is  40  cm.  lower  than 
in  the  ocean,  in  which  direction  will  the  surfaoe  currents  flow  7 
If  the  density  of  the  water  in  the  Mediterranean  Sea  is  1.029  g. 
per  c.c,  and  in  the  Atlantic  Ocean  just  outside  the  Strait  of 
Gibraltar  1.026  g,  per  c.c,  compare  the  pressure  due  to  the 
weight  of  the  water  at  a  depth  of  200  m.  in  the  Mediterranean 
Sea  with  the  pressure  at  the  same  level  in  the  Atlantic  Ooean. 
In  which  direction  will  the  water  move  at  this  depth  ? 

3.  Why  are  deltas  formed  at  the  mouths  of  most  of  the 
rivers  of  Europe  emptjnng  into  the  Mediterranean,  Black, 
and  Caspian  Seas,  while  deltas  are  not  usually  formed  at  the 
mouths  of  the  rivers  of  Europe  emptying  into  the  Atlantic 
Ocean  ? 

4.  Which  will  produce  the  larger  waves  on  Lake  Ontario, 
a  north  or  an  east  wind  of  the  same  velocity  (Sec.  88)  ?  Give 
a  reason. 

5.  When  the  wind  is  from  the  south,  will  the  waves  be 
higher  on  the  north  or  the  south  side  of  Lake  Erie  ?  Give 
a  reason. 

6.  If  the  water  in  a  harbour  is  deep,  is  it  an  advantage  or 
a  disadvantage  to  have  tides  7 


CHAPTER  X 
ROCKS 

Prkuminary  Experimental  Work 

(7)  7b  Btudy  the  prnperties  of  the  rock'farming  mmeraU. — 

Materials — For  each  pupil  specimeiui  of  quarts, 
feldspar,  mica,  calcite,  and  hornblende  ((me  or  two 
varieties  of  each). 

Describe  the  colours  of  the  several  varieties  of  quarts. 
Describe  the  fracture,  noting  whether  the  surface  is 
jagged,  at  smooth  and  curved.  Will  quarts  scratch 
glass?  Describe  the  lustre,  that  is,  whether  it  appears 
glassy,  or  resinous,  or  metallic.  Try  to  melt  a  piece  of 
quartz  in  a  hot  flame  (use  a  blow-pipe,  if  possible). 
Examine  each  of  the  other  minerals  in  a  similar  way. 

(«)  Th  §tudy  the  jfTopertia  of  aqueouM  rocki, — 

Materials — For  each  pupil  specimens  of  several  varieties 
of  sandstooe,  of  limestone,  and  of  shale ;  a  piece  of 
oon^omerate ;  hydrochloric  acid. 

Describe  the  colours  of  the  samples  of  sandstone. 
Observe  the  layering.  With  the  aid  of  a  lens  examine  a 
piece  of  nndttooe  and  describe  its  surface.  Rub  it 
between  the  thimib  and  the  finger  and  describe  the 
"feel."  Try  to  dissolve  it  in  hydrochloric  acid.  Pul- 
verise a  small  piece  by  pounding  it  with  a  hammer. 

Fjcamine  each  of  the  other  varieties  of  aqueous  ruck  in 
a  similar  way. 
(S)  Thihidythefnptrtimqfigiitomrodt*.— 

Materials— Samples  of  at  least  two  varietietof  trap  rock, 
A  sample  of  grantte,  and  ooe  of  «y«iHe. 

166 
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Examine  a  piece  of  granite  with  the  naked  eye  and  also 
with  the  aid  of  a  lens;  describe  its  colours,  and  namo  the 
minerals  that  you  recognize  in  it.  Describe  the  arrange- 
ment of  the  minerals.  What  mineral  is  in  the  greatest 
proportion,  and  what  one  is  in  the  smallest  proportion  ? 

Elxamine  and  describe  syenite  in  a  similar  way. 

What  are  the  colours  of  the  several  varieties  of  trap  rock? 
Compare  the  structure  of  trap  rock  with  that  of  granite 
and  of  syenite. 

(4)  To  xtudtj  thf  properties  of  metamorphu:  rocks.  — 
Materials — For  every  pupil,  specimens  of  gneiss,  schist, 

slate,  marble;    hydrochloric  acid. 

Examine  a  sample  of  gneiss  with  the  naked  eye  and 
with  the  aid  of  a  lens.  What  minerals  does  it  contain  ? 
Describe  the  arrangement  of  these  minerals.  What 
igneous  rock  does  it  most  nearly  resemble?  How  does 
it  differ  from  this  igneous  rock? 

Examine  a  specimen  of  slate.  Note  the  size  of  the 
particles  of  which  it  is  composed.  Can  they  be  distin- 
guished? Describe  its  "feel."  Test  its  hardness  by 
scratching  it  with  a  knife,  and  by  determining  whether 
it  will  scratch  glass.  Has  powdered  slate  an  odour  when 
wet  ?  How  does  acid  affect  it  ?  Which  of  the  sedimen- 
tary rocks  does  slate  most  nearly  resemble  ?  State  the 
points  of  resemblance  and  of  difference. 

Examine,  test,  and  descril^e  each  of  the  other  kinds  of 
metamorphic  rocks  in  a  similar  way. 

(5)  7b  demonstrate  the  sorting  power  of  water.  — 

Mix  together  pulverized  clay,  very  fine  sand,  coarse 
sand,  and  small  pebbles.  Place  the  mixture  in  a  tall, 
clear  glass  bottle,  which  is  nearly  full  of  water.  Shake 
vigorously.     Allow  the  mixture  to  settle  for  half  an  hour. 

What  materials  have  settled  during  this  time  ?  What 
materials  settled  first?    What  materials  did  not  settle 
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within  half  an  hour?  Allow  the  bottle  to  stand  for  a 
(lay,  and  examine  the  contents  again.  What  material 
(lid  not  settle  7 

If  the  water  had  been  nmning  with  a  moderate  nirrent, 
infer  the  relative  location  of  the  several  materials  after 
they  had  settled  from  the  water.  Test  the  oorrectnees 
of  your  conclusion  by  examining  the  order  in  which  these 
materials  are  deposited  by  a  local  stream  or  ditch,  or  by 
the  water  in  a  furrow  on  a  hillside. 

(6)   7b  demonttrate  the  growth  oferyttaU. — 

(a)  Make  a  strong  solution  of  alum,  by  stirring  pow- 
dered alum  in  a  beaker  of  hot  water  until  no  more  will 
dissolve.  Hang  a  i»eoe  of  string  in  the  beaka"  and  let  it 
stand  f<Mr  a  day  or  two.  Remove  the  string  from  the 
beaker  and  describe  what  you  see.  (6)  Make  a  strong 
soluUcm  of  blue  vitriol  by  adding  powdered  vitriol  to 
boiling  water  until  no  more  will  dissolve.  Spread  a  few 
drops  oi  the  solution  on  the  surface  of  a  glass  plate  and 
observe  what  takes  place  during  the  process  of  cooling. 

Thk  Litbohpherb 

95.  The  meaning  ol  Uthosphcrc  —  In  preceding 
chapters  references  have  frequently  been  made  to  the 
solid  crust  of  the  earth*  to  which  is  given  the  name 
mhotpK«tt.  The  name  means  a  qrfiere  of  stone,  and 
sjgnjfies  that  the  portion  of  the  earth  surrounding  the 
vast,  unknown  mterior  to  which  we  give  the  name 
muleus,  is  composed  essentially  of  rock.  To  those  whose 
acquaintance  with  the  earth's  crust  is  limited  to  the 
kMuny  areas  of  southern  Ontario  this  desoiptkn  may  seem 
inapt,  but  it  is  rsally  quite  appropriate.  Borin^i  sunk 
deep  into  the  earth's  crust  show  that  it  is  composed  of 
eomparatively  thin  layers  of  soil  spread  over  thidi  layen 
of  solid  rock.    Moreover,  the  smmIb  and  cfaiyi  that  are 
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the  easeniial  components  of  soils,  are,  tm  we  shall  learn 
in  succeeding  chapters,  the  grist  obtained  by  the  grinding 
of  rocks  of  every  kind,  from  the  hardest  granites  to  the 
softest  shales.  For  this  reason  geologists  class  as  rock 
any  form  of  matter  that  constitutes  a  considerable  portion 
of  the  earth's  crust.  Banks  of  clay  and  sand,  ridges  of 
gravel,  and  beds  of  peat  and  coal  are,  therefore,  rocks 
within  this  meaning  of  the  term,  for  they  all  form  part 
of  the  earth's  crust. 

96.  The  earth  is  probably  a  solid  sphere. — The  term 
enut  is  a  remnant  of  the  belief  that  the  interior  of  the 
earth  is  a  mass  of  intensely  hot  molten  matter,  upon 
which  floats  a  solid  crust,  in  much  the  same  way  as  the 
thin  film  that  forms  on  the  surface  of  molten  lead  floats 
upon  it.  Although  this  belief  has  still  some  adherents, 
the  theory  that  the  core,  or  nucleus,  of  the  earth  is  solid 
is  now  generally  accepted.  The  followng  are  a  few  of 
the  more  important  arguments  that  are  advanced  in 
support  of  the  theory  that  the  earth  is  a  solid  body: 

(1)  Solid  rock  does  not  float  upon  the  surface  of  molten 
rock  in  the  same  way  that  a  layer  of  ice  floats  on  water, 
but  sinks  in  molten  rock;  hence  the  earth's  crust  must 
be  supported  on  a  solid  core. 

(2)  The  velocity  with  which  earthquake  waves  pass 
completely  through  the  earth  along  a  diameter  is  so 
great  that  only  a  core  at  least  as  solid  as  steel  can  account 
for  the  speed  of  transmission. 

(3)  The  melting-point  of  any  sul)stance  which  ipxpands 
when  melting,  rises  with  increase  in  the  pressure  to  which 
the  substance  is  subjected.  The  pressure  of  the  outer 
layers  of  the  lithoephere  upon  the  nucleus  is  so  great 
that  fusion  of  the  matter  subjected  to  this  pressure  is 
impossible. 

(4)  The  velocity  with  which  the  earth  rotates  has 
decreased   very  little   throughout   the  ages.    This  fact 
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cannot  be  explftined  except  by  the  abMnce  of  frictional 
resistance  to  the  movement  of  the  rotating  earth.  A 
liquid  interior  would  <rffer  considerable  resistanoe  to  this 
movecnent;  hence  it  is  necewary  to  assume  that  the 
interior  of  the  earth  is  solid. 

Lonl  Kelvin,  who  developed  this  argument,  used  by 
way  of  illustration  two  eggs,  one  hard-l)oiled  and  the 
other  unboiled.  If  both  eggs  are  set  whiiiing  simul- 
taneously at  the  same  rate,  the  hard-boiled  egg  will 
continue  to  rotate  much  longer  than  the  unboiled  one. 

97.  The  genera!  relations  between  land  and  water. — 
We  must  regard  the  nucleus  and  the  lithoq)here  of  the 
earth  as  an  essentially  solid  mass,  with  surface  elevations 
constituting  the  c<Mitinental  areas  and  surface  depressicnis 
oorupitni  by  the  oceans.  The  highest  altitudes  of  the 
land  areas  are  approximately  six  miles  above  sea4evel, 
and  the  lowest  depths  of  the  ocean  reach  an  equal  distance 
below  sesrlevd.  There  is  an  intimate  relaticm  between 
land  and  water,  as  a  constant  interchange  of  the  mineral 
contents  of  the  sea  and  of  the  land  is  always  in  progress. 
By  this  mutual  transfer,  existing  rock  msssew  are  con- 
tinually being  dissolved,  to  swell  the  mineral  content  of 
the  oceans;  and  at  the  same  time  extensive  land  areas  are 
constantly  being  built  up  from  materials  coming  fr(Mn 
the  sea. 

Ths  Rocks  or  the  Lithospbbrs 

98.  The  K^neral  structure  of  rocks.— Ooeaaianally 
rocks  are  found  in  masaes  that  show  no  tenden^  to  q)lit 
in  any  definite  way.  Sueh  rooks  are  said  to  be  momwc 
More  usually  rocks  show  a  MdM  ttmdwr§  (Fig.  00), 
the  whole  mass  being  made  up  of  a  number  of  distinot 
Uyeri  placed  one  above  another,  like  pjanki  in  a  pile. 
The  pile  in  some  eaaee  remains  upright,  with  the  layers 
boriiontal,  but  in  others  it  is  tilted  at  various  angles. 
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Courttsy  of  Canada  Publishint  Co.,  Toronto 
Fig.  00. — Oonre  of  the  Grand  Biver 
at  Elora.  Ont. 


In  addition  to  divisions  into  layers,  rocks  are  frequently 
traversed  by  deep  cracks  called  joints.  These  joints  are 
perpendicular  to  the  bedding  planes  and  divide  the  rocks 

into  almost  rec- 
tan^ular  blocks. 
I  n  all  rocks  irregu- 
l:ir  fractures  that 
have  no  system- 
atic arrangement 
occur.  Slipping 
sometimes  takes 
place  along  bed- 
ding, joint,  or 
fracture  planes. 
Such  slippings  produce  faults  (Fig.  61). 

99.  The  composition  of  rocks. — Of  the  ninety  or  more 
elements  composing  the  lithosphere,  only  eight  play 
any  extensive  part  in  its  composition.  Oxygen  con- 
stitutes almost  half  and  silicon  more  than  a  quarter  of  the 
whole,  and  aluminum,  iron,  calcium,  magnesium,  sodium, 
and  potassium,  in  the  order  named,  make  up  the  greater 
part  of  the  remainder.  Occasionally  an  element  is  found 
in  a  free  form,  that  is,  uncombined  with  other  elements. 
For  example,  free  carbon  occurs  in  the  form  of  coal  and 
diamonds;  gold,  copper,  and  silver  are  found  as  pure 
metals,  or  native,  as  the  miner  terms  it.  More  commonly 
the  elements  are  combined  to  form  compounds.  A  free 
element  or  a  compound  that  exists  in  the  earth's  crust 
and  enters  into  the  composition  of  rocks,  is  called  a 
mineral.  Examples  of  minerals  are  quartz,  calcite,  gold, 
etc.  Quartz  is  a  compound  made  up  of  the  two  elements, 
sihcon  and  oxygen.  In  some  instances  rocks  are  wholly 
made  up  of  this  mineral,  but  rocks  formed  of  quartz 
crystals  mingled  with  other  minerals  are  of  more  common 
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occurrenee.    Granite  rocks  are  repreflentatives  of  this 
form. 

100.  Kinds  of  rocks. — We  have  k>amed  that  a  rock  is 
compoecd  of  a  single  mineral  or  of  granules  of  several 
min<»rals  mixed  together  in  an  irregular  manner.    The 


A 

B 


D 


I  lMf«  to  lAgOOO  loM  pm  mvmn  imA. 

great  variety  found  among  rocks  is  due  in  part  to  dif- 
ferences in  min«al  composition,  and  in  part  to  differeneet 
in  the  modes  of  origin  of  the  rocks.  A  piece  of  pumioe- 
stoDe,  such  as  may  be  purehased  at  a  druggist's,  is  the 
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solidified  froth  of  molten  rock  from  a  vcjlrano.  It  i?  of 
the  same  chemical  composition  as  the  hard,  redciisli 
pebbles  which  are  so  common  in  Ontario,  especially  along 
the  shores  of  the  Great  Lakes.  Thoso,  however,  are 
fragments  of  rock  that  solidified  deep  within  the  earth. 

All  rocks  that  form  any  considerable  part  of  the  earth's 
crust  arc  grouped  imder  four  main  heads,  according  t(» 
their  origin.  These  groups,  in  turn,  are  sulxlivi«l<(l 
according  to  the  chemical  composition  of  the  rocks 
forming  them.    The  four  main  groups  are: 

(1)  Aqueous  rocks 

(2)  Igneous  rocks 

(3)  Metamorphic  rocks 

(4)  Aeolian  rocks. 

Aqueous  Rocks 

101.  The  origin  of  aqueous  rocks, —  These  rocks  have 
been  formed  chiefly  through  the  agency  of  water  (Latin- 
aqtui,  water).  Every  rain-storm  causes  pebbles,  sand, 
and  clay  to  be  washed  from  the  surface  of  the  higher 
lands  and  to  be  swept  by  the  streamlets  and  rivers  to 
lower  levels,  where  the  decrease  in  the  carrying  power  of 
the  water  causes  the  deposition  of  sediment.  The  stones 
and  coarse  pebbles  are  the  first  to  be  dropped;  then  the 
sand  and  coarser  particles  of  clay  sink  to  the  lx)ttom; 
then,  finally,  the  finer  clay  particles,  which  are  held  in 
suspension  for  day^  after  the  flood  waters  have  passed 
into  the  quiet  waters  of  the  lakes  and  seas.  The  streams 
also  carry  down  much  dissolved  limestone.  This  may 
be  taken  from  the  water  by  living  organisms  and  used  by 
them  to  form  protective  coverings,  such  as  we  see  on 
clams  and  other  shell-fish.  The  chemical  energy  of  the 
sun  causes  a  certain  amount  of  the  dissolved  limestone 
to  be  precipitated.  These  sediments  and  precipitates, 
along  with  the  shells  of  certain  aquatic  organisms,  furnish 
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the  materiab  of  aqiuou*,  or,  as  they  are  abo  called,  Mdt- 

mct)fnry  rnrkit. 

102.  The  charactertsttcs  of  aqueous  rocks. —  As  a 
direct  outcome  of  their  mode  of  origin,  aqueous  rocks 
have  the  following  distinctive  characteristics: 

(1)  They  are  compostxi  of  material  derived  frcMU  eaiiier 
rocks. 

(2)  They  show  the  sorting  effect  of  water  due  to  the 
disposition  of  the  ooarser  and  the  finer  materials  in 
different  places. 

(3)  They  show  layering,  or  stratification.  This  arisei 
from  the  difference  between  the  carrying  power  of  streams 
when  in  flood  and  when  at  low  water.  Each  fluctuation 
gives  rise  to  a  layer,  or  stratum. 

103.  Forms  of  aqueous  rocks, — In  additkm  to  beds 

,  and  gravel,  there  are  many 


Fic  S3  — OwTM  bottklar  coafioaMrftie,  TmUttmtr  tatam.  Oob»)t 

solid  rocks  which  have  been  formed  from  tbew  kxite 
materials,  partly  by  prevure  and  ptrtly  by  a  proem  of 
cementing.  The  cement,  which  conaiata  in  some  eaaet 
of  clay,  in  oihen  of  oompounda  of  iron,  or  of  lUioon,  or  of 
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lime,  is  distrihut^tl  throughout  the  whole  mass  by  water 
percolating  through  it,  until  the  accumulation  of  this 
cement  binds  the  whole  mass  into  a  solid  rock.  The 
follo\>ing  are  the  commonest  forms  of  rocks  which 
originate  in  this  way  :  conglomerate,  mnddone,  shale,  and 
limestone. 

104.  Cons:lomerate. — A  conglomerate  or,  as  it  is 
sometimes  called,  "  pudding-stone,"  is  a  rock  that  is 
formed  by  the  cementing  together  of  coarse  materials 
such  as  pebbles   and   stones  (Fig.  62).     Its   aj" 

is  very  similar  to  that  of  the  coarser  forms  of  ■ 

which  are  found  in  the  foimdations  of  pavements  and  in 
the  walls  of  buildings. 

105.  Sandstone* — Sandstone  is  produced  by  the 
cementation  of  sand  into  a  solid  rock.  Its  usual  colours 
are  reddish-bro^^'n  and  grayish-white.     It  is  much  prized 


Fig.  63. — Parliament  Buildings.  Toronto.  Ontario 

as  building  material,  and  many  public  buildings,  includ- 
ing the  Ontario  Parliament  Buildings,  are  built  of  red 
sandstone  ( Fig.  63) .  Sandstone  has  been  quarried  at  Credit 
Forks,  at  Kingston,  and  at  other  places  in  Ontario. 

106.  Shale. — Clay,  solidified  by  pressure  and  cemen- 
tation, forms  shale  (Fig.  64).     Wet  shale,  when  rubbed 
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with  the  finger,  has  a  smooth,  soft  "feel,"  resembling 
that  of  clay.    Thi.s  is  an  easy  way  to  distingui-sh  shale 
from  sandstone,  for  the  latter  retains  the  rough,  gritty 
feel"  of  sand. 
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The  rocks  of  the  valleys  of  the  Don  and  the  Humber, 

(hoAc  of  the  lower  layere  of  the  Niagara  gorge,  and  the 

iark    bituminous    rock   found    near    CoUingwood,  are 

Komples  of  shales.    Shales  are  of  considerable  value, 

!i»  they  furnish  exodlent  material  for  making  bricks. 

107.  T^nvfrtimft — limestone  is  one  of  the  most 
ahundiuit  of  the  aqueous  rocks  and  is  widely  distributed 
throughout  Ontnrio.  The  scenic  beauty  of  many  bcali* 
ties,  such  as  Vl^rx.  Wiarton,  Owen  Sound,  and  Niagara 
Falls,  is  duo  t  ible  limestone  formations  (Fig.  65). 

It  ri  .a  building  material,  and  from  it 

wroi  ill  MO  many  ways.    Some  varieties 

•f  limestont'  funi;  t  the  raw  materials  from  which 

cement  is  made. 
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Fig, 


(.  .'^i    If     ,    (   I    /       j .    Clif'ti'.   Li. 

65. — Remarkable  limeitone 
formation.  Elora 


Limestones  range  in 
hardno88  from  the  eoft 
clay-like  marl,  which 
is  found  in  old  lake 
hods,  and  which  con- 
sists in  large  measure 
of  fragments  of  the 
shells  of  aquatic 
animals,  to  the  firm 
ciiiarry  rocks  of  Owen 
Sound,  Hagersville, 
Queenston,  and  else- 
where. There  is  con- 
siderable variety  of 
colour  among  lime- 
stones. Gra>nsh-white 
is  the  prevalent  colour 
of  the  limestones  of 
western  Ontario,  but 
those  of  the  St. 
LawTence  valley  are 
almost  black. 


loN'Eous  Rocks 


108.  Origin  and  distribution  of  igneous  rocks. — 
Igneous  rocks  (Latin — ignk,  fire)  are  formed  by  the 
solidifying  of  molten  matter.  Although  the  interior  of 
the  earth  is  normally  kept  in  a  solid  state  by  the  enormous 
pressure  to  which  it  is  subjected,  frequent  rents  occur  in 
the  overljTng  strata,  which  so  far  relieve  the  pressure 
upon  the  heated  interior  masses  that  the  latter  fuse  into 
a  liquid  which  is  called  lava.  Lava  is  the  material  from 
which  igneous  rocks  are  derived.  Readers  who  are 
familiar  with  the  mottled  reddish,  greenish,  and  grayish 
boulders  of  southern  Ontario,  and  those  who  have  seen 


ROCKS 


167 


the  rock  maases  of  Muskoka  or  of  Hastings,  have  already 
made  the  acquaintance  of  igneous  rocks.  They  include 
some  of  the  most  ancient  rocks,  such  as  those  of  the 
Laurentian  Highland  (now  called  the  Canadian  Shield), 
and  also  some  of  t  he  youngest,  such  as  those  produced  by 
recent  lava  discharges  from  volcanoes.  Igneous  rocks 
may  \ye  distinguished  from  aqueous  rocks  by  the  absence 
of  stratification.  Because  of  the  solid  unlayered  structure 
of  these  rocks  they  are  frequently  described  as  masmvf^ 

109.  The  causes  of  varutions  in  the  forms  of  igneous 
rocks. — \'ariations  in  the  forms  of  igneous  rocks  arise 
from  two  cause's.  In  the  first  place,  the  lavas  poured 
forth  from  the  difTcront  parts  of  the  earth's  crust  do  not 
all  contain  the  s^iine  minerals,  and,  consequently,  these 
lavas  produce  rocks  of  different  mineral  compositions. 
In  the  second  place,,thc  phj'sical  proixrties  of  the  result- 
ing rocks  depend  upon  the  conditions  under  which  the 
lavas  cool,  in  the  same  way  that  the  product  from  a  thick 
syrup  depends  upon  whether  it  is  cooled  by  pouring 
it  upon  a  block  of  ice, 
or  by  permitting  it  to 
cool  slowly.  When  lavas 
spread  out  over  the 
surface  of  the  earth  and 
cool  quickly,  they  form 
either  a  glassy  rock,  or 
one  in  which  the  crys- 
talline structure  is  so 
fine  as  to  be  scarcely 
d  i  St  i  nguishable. 
Natural  glass,  or  obsi- 
dian, is  an  example  of 
thift;  and  pumio»«toiie  is  similar,  except  that  the  latter 
contains  numerous  cavities  formed  by  bubbles  of  escafrfng 
steam.     WhcD  lavas  are  covered  by  thick  laven  of  th«> 
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earth's  crust,  the  cooling  process  b  so  slow  that  the 
minoraLs  liave  time  to  grow  into  crjrstals  (Fig.  66). 
Many  igneous  rocks  are  formed  under  the  hittor  conditions 
and  have  crystalline  structure,  a.H,  for  example,  gnmito. 
A  heap  of  ordinary  sand  is  composed  of  fragments  of 
crystals,  which  have  been  rounded  and  pcjlished  by  wave 
action.  This  can  be  seen  by  examining  a  pinch  of  shore 
sand  under  a  hand  lens.  In  many  rocks  the  crystals  can 
be  distinguished  by  the  unaided  eye,  and  it  is  not 
unusual  to  find  individual  crystals  of  large  size. 

1 1 0.  Granhe. —  Granite  is  one  of  the  commonest 
forms  of  igneous  rocks.  The  several  varieties  are  all 
mottled  rocks  of  some  shade  of  gray  or  red.  Stones  and 
boulders  of  granite  are  widely  scattered  over  the  surface  of 
southern  Ontario,  and  granite  rocks  are  common  in  the 
Canadian  Shield.  Monuments  and  ornamental  stones 
used  in  buildings  are  frequently  cut  from  granite. 

A  close  examination  of  a  piece  of  granite  will  show 
that  it  is  composed  of  three  minerals — quartz,  a  crystalline 
mineral  with  a  glassy  lustre;  feldspar,  a  pink  or  brown 
or  whitish  mineral  that  breaks  with  flat  surfaces;  and 
hornblende,  which  is  hard,  black,  and  brittle.  Mica  may 
be  present  in  place  of  hornblende.  Mica  is  a  soft,  flexible 
mineral,  which,  when  found  in  large,  transparent  pieces,  is 
used  for  making  the  windows  of  stoves. 

111.  Syenite. — Syenite  rock  resembles  granite  very 
closely  in  general  appearance,  but  it  does  not  contain 
quartz.  The  minerals  composing  syenite  are  hornblende 
or  mica  and  feldspar.  The  economic  uses  of  syenite  are 
the  same  as  those  of  granite,  and  it  is  found  in  similar 
locations. 

112.  Trap  rock. — It  is  customary  to  place  under  this 
designation  all  those  igneous  rocks  which  are  of  fine 
grained  texture  and  which  vary  in  colour  from  light  green 
to  dark  green  and  black.    It  includes  several  kinds  of 
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igneous  rocks  which  are  difficult  for  the  beginner  to 
distinguish.  They  are  all  very  dense,  hard  rocks;  and 
their  density  and  hardness  have  won  for  them  the  name 
futnl-hoidt.  When  crushed  they  make  esoellent  road 
material. 

Mktamorphic  Rocks 

113.  The  orig:tn  of  metamorphic  rocks. — Metamorphic 
(Greek-  mrtn,  denoting  change,  and  morphe,  meaning 
form)  signifies  that  the  rocks  of  this  class  are  produced 
by  the  alteration  of  other  kinds  of  rock  without  melting 
taking  phu-c  at  imy  stage  of  the  process.  Both  sedimen- 
tary' and  igneous  rocks  are  subject  to  metamorphism,  as, 
for  instance,  when  shale  changes  to  slate,  or  granite  to 
gneiss. 

114.  The  forces  causing  metamorphism. — The  chief 
forces  which  cause  the  metamorphosis  of  rocks  are  heat, 
pressure,  movement  under  pressure,  and  the  action  of 
highly  heated  water  containing  dissolved  chemicals. 
These  forces  are  the  results  of  the  settling  and  folding  of 
the  earth's  crust.  It  is  a  matter  of  common  obeervatkn 
that  firm  rubbing  upon  a  part  of  the  body  produces  a 
sensation  of  beat.  When  great  masnm  oi  the  earth's 
crust  slide  over  the  layers  beneath  them,  the  friction 
and  the  pressure  generate  intense  heat.  The  enormous 
pressure  prevents  the  melting  of  the  rocks,  but  the  heat 
and  the  movement  cause  an  alteration  in  the  structure 
and  arrangement  of  the  rock  granule^. 

1 15.  The  forms  ol  metamocphk  toclu.— Metamorphic 
rocks  usually  retain  some  resemblance  to  the  rocks  from 
which  they  were  produced.  They  include  slate,  gneiM, 
and  mnrhlr. 

116.  Slate.— Slate  Is  derived  from  shale  by  metamor- 
pliiMm.  It  diflTere  from  sliale  in  having  a  more  metallic 
ring  when  it  is  (ttrurk,  and  also  in  fracturing  afeng  planet 
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that  do  not  correspond  to  the  original  Ix^dding  planoA  of 
the  shale.  The  ribbon-like  markingn  that  arc  frcqurntly 
seen  on  the  surfaces  of  slates  represent  the  original 
bedding  planes. 

117.  Marble — Marble  is  a  metamorphic  product  of 
ordinary  limestone.  The  broken  surface  of  a  piece  of 
marble  shows  a  uniform  crsrstalline  structure,  while 
ordinary  unmetamorphosed  limestone  is  usually  non- 
cr3r8talline. 

118.  Gneiss.— Oncisses  are  gray,  green,  or  red  in  colour, 
and  thus  many  of  the  varieties  resemble  granites  in  this 


Fig.  87.     Oneiw, 


CourUty  of  Ike  Gtologkal  SuTMy.  Canada 
showing  banded  structure 


respect.  They  also  have  essentially  the  same  composition 
as  the  granites  or  syenites  from  which  they  are  derived  by 
metamorphic  action.  The  distinguishing  characteristic 
of  gneiss  is  the  arrangement  of  the  granules  of  which  it  is 
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composed  in  narrow,  approximately  parallel  bands,  or 
layers  (Fig.  67).  The  banded  structure  gives  it  the 
appearance  of  a  stratified  rock,  but  the  granite-like  colour 
and  the  crystalline  aq>ect  of  gneiss  are  convenient 
features  of  identification.  Gray  and  reddish  gneisses  are 
among  the  commonest  of  the  boulders  and  pebUes 
scattered  over  southern  Ontario.  The  rock  masses  from 
which  these  have  Ix^n  derived  form  a  ocmsiderable 
portion  of  the  Laun-ntian  rocks,  particularly  in  the 
Muskoka  region. 

Aeolian  Rocks 

1 19.  The  origin  and  the  properties  of  aeolian  rocks. — 
This  group  comprises  rocks  formed  from  materials  drifted 
together  by  winds  (Aeolus,  God  of  the  Winds),  and  more 
or  leas  compacted  into  rock  masses.  They  originate  as 
looee,  unconsc^dated  masses,  with  less  definite  strati- 
fication than  aqueous  rocks  poneas,  although  both  aeolian 
and  aqueous  rocks  may  be  classified  as  stratified  rocks. 
Consolidation  of  these  loose  masses  may  afterwards  take 
place  by  compression  and  the  deposition  of  oonent 
matcriaLs  Himilar  to  that  wlych  takes  place  in  the  solidi- 
fying of  a<iu<'ou.s  rocks.  The  chief  representatives  of  the 
group  aro  sttml-dunes,  and  loe»9  formations.  The  latter 
are  illustrate- 1  hy  the  fertile  day-beds  of  Central  China, 
ancl  by  r'.\t4ri>iv(>  areas  of  the  valleys  of  the  Missouri  and 
the  northern  Mi>.>i.«>ippi  Rivers. 

Practical  Exsbcubb 

To  study  the  rocks  in  a  ttooe  pOa.— AppUanoea— A 
Ixjttlo  of  hydriK-liloric  arid,  a  hammer,  and  a  hand  lens 
for  each  pupil. 

During  an  excursion  examine  the  boulders  in  a  siooe 
pile  and  cUunfy  them  as  (1)  aqueooa  rocks.  (2)  igDeoot 
rocks,  (3)  metamorphic  rocks. 
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Identify  the  granite,  shale,  gneiss,  trap,  limestone, 
and  conglomerate  boulders. 

Make  a  school  collection  of  all  the  varieties  of  rocks 
found  within  five  miles  of  the  school. 


Courtesy  of  Department  of  Mine*,  Ont. 
Fig.  67  (a). — Fault  in  rock.  Hollinger  mine,  Nortbern  OoUho 


CHAPTER   XI 

THE  WEATHERING  AND  EROSION  OF  ROCKS 

Preliminary  Experimental  Work 

(7)   To  show  t/tat  heat  promoUt  ehemicql  reaction.  — 

Mix  in  a  test-tube  a  small  quantity  of  ammonium 
chloride  with  t^ice  its  weight  of  quicklime.  Smell  the 
fi^as  that  is  formed.  Heat  the  mixture  slowly  over  a 
flame.  Carefully  smell  the  gas  that  is  given  off.  In 
which  case  is  the  greater  quantity  of  gas  given  off  ? 

(2)    To  iUuMrntc  ntpilUtry  action. — 

Fill  a  shallow  dish  to  a  depth  of  one-quarter  of  an  inch 
with  nxi  ink.  Place  a  rectangular  piece  of  loaf-sugar  on 
end  in  the  ink.    What  change  takes  place  in  the  sugar  ? 

Set  a  fl«wer-pot  filled  with  dry  soil  in  a  pan  of  water. 
Does  wat4'r  rise  through  the  soil  ? 

{8)  7b  tUm/niMtnUe  the  expansive  force  offreeting  water. — 

Pnpare  a  mixture  of  salt  and  crushed  ice,  or  hbow, 
in  th<'  proportion  of  one  part  of  salt  to  four  parts  of 
ice.  Fill  a  Hinall  s<Tew-top  phial  with  water  and  screw 
the  stopfNT  <lown  tightly.  Place  the  phial  of  water  in 
the  fnH'zinK  mixture  and  kp**p  •♦  .w»»'«.r,.,|  ^^th  the  mixture 
for  ten  minuter. 
Kxamine  the  phial  and  its  wmtents. 

(41    7"  flemondrate  the  unequal  degrem  ^  expansion  of  melaU 
finder  chanffea  of  temperahtre.'— 

Heat  a  bar  that  is  formed  of  a  strip  of  copper  riveted 
to  a  siinilar  strip  of  iron. 

178 


174  PHYSICAL  GEOGRAPHY 

Describe  the  chanRe  of  shape  of  the  rod.  Which 
surface  is  the  longer,  the  convex  or  the  concave?  Which 
metal  is  on  the  convex  surface?  Compare  the  amount 
of  expansion  of  the  two  metals. 

The  Wkathkrino  of  Rocks 

120.  Evidences  of  weathering.— All  objects  upon  the 
earth  are  undergoing  continual  change  from  youth  to  old 
age,  from  strength  to  weaknt^ss,  from  freshness  to  decay; 
but  these  changes  take  place  so  gradually  that  usually  it 
is  only  when  we  compare  the  old  with  the  new  that  the 
stages  of  deterioration  are  ol)served.  The  pocket-knife 
that  has  been  used  for  months  appears  to  its  owner  to 
be  as  bright  as  when  he  purchased  it,  but  he  is  startled 
upon  comparing  it  uith  its  mates  which  are  still  lying 
in  the  shop  window.  The  granite  pillar  that  has  been 
exposed  to  the  weather  for  a  few  years  still  retains  smooth 
surfaces,  but  they  lack  the  mirror-like  polish  of  its 
recently  erected  neighbours;  and  close  examination  shows 
that  tiny  holes  have  appeared  on  the  surface,  and  edges 
that  once  were  sharp  have  l)ecome  rounded.  The  massive 
fence  that  was  built  thirty  years  ago,  with  iron  posts 
set  deep  into  the  ground^  app>eared  as  enduring  as  time 
itself,  but  now  it  totters  on  broken  joints,  and,  wIht*^ 
the  heavy  posts  entered  the  ground,  the  metal  is  redact  d 
to  masses  of  thick  scales  of  reddish  rust.  These  and 
many  other  familiar  instances  teach  us  that  even  the 
hardest  of  materials,  including  stone  and  iron,  are  de- 
stroyed by  a  slow  but  certain  process  of  decay  when 
exposed  to  the  action  of  the  elements. 

121.  Weathering  forces. — The  process  of  rock  decay  is 
usually  called  weathering.  This  term  implies  that  the 
principal  forces  that  cause  the  destruction  of  rocks  are 
directly  or  indirectly  connected  with  the  phenomena  of 
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wMther.  In  its  present  application  its  nM^sning  is 
extended  to  include  the  activities  (d  agencies  such  as 
ftnimida  and  plants,  that  are  only  in  a  veiy  indirect  way 
related  to  weather  conditions.  The  three  agencies  that 
are  most  effective  in  producing  rock  weathering  are 
vater,  atmogphaic  gtuetf  and  organunu  (animals  and  plants). 
Although  it  will  be  necessary  to  deal  with  these  agencies 
separately,  it  must  he  understood  that  thore  is  a  close 
relationship  in  their  actixntics. 

122.  Weathering  by  water.— The  solvent  action  of 
water  upon  such  matoials  as  salt,  sugar,  and  alum  is 
well  known,  and  it  is  also  commonly  recognised  that  the 
quantity  <^  these  materials  that  is  thought  into  solution 
incrt>ase8  in  direct  proportion  to  the  volume  of  water  that 
is  used.  But  the  fact  that  water  can  dissolve  many 
subRtances,  such  as  ^ass,  rocks,  and  metals,  that  were 
formeriy  regarded  as  insoluble,  was  revealed  within 
comparatively  recent  years  by  means  of  electric  tests. 
It  is  true  that  relatively  small  quantities  of  these  so- 
called  insoluble  substances  are  dissolved,  amounting,  in 
the  case  of  limestone,  to  13  gms.  ct  limestone  in 
1,000,000  gms.  of  water.  NevertbelesB,  given  an  un- 
Utnited  quantity  cl  water  with  extensive  contact  between 
the  water  and  the  rock,  and  tKe  quantity  of  the  latter 
which  can  be  brought  into  solution  may  be  very  great. 
It  is  evident,  therefore,  that  in  humid  climates  the 
solvent  power  of  water  will  play  a  ver>'  important  role  in 
rock  removal,  provided  the  water  can  get  into  free  contact 
with  the  rock  surface.  The  'contact  is  furnished  not 
only  by  the  exterior  surfaces  of  rocks,  but  also  by  the 
many  joints,  faults,  fractures,  and  bedding  planes  (Sec.  06) 
whu  h  extend  the  surface  of  contact  to  the  blocks  in  the 
interior  of  the  rock,  and  serve  as  channels  for  conveying 
water  throu^  the  whole  rode  mass.  In  addition  to 
these  larger  openings,  rocks  possess  numerous  minute 
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pores.  Some  forms  of  rock,  such  as  sandstone  and  shale, 
are  so  porous  that  they  absorb  water  quite  readily, 
while  others  are  of  such  close  and  firm  texture  that  they 
absorb  water  less  freely.  The  drawing  of  the  water  deep 
into  the  pores  of  the  rock  by  capillary  action  creates  such 
an  intimate  contact  between  the  rock  and  the  water  that 
solution  takes  place  upon  a  fairly  large  scale. 

123.  Froit  aids  the  action  of  water. — When  water 
freezes  in  a  bottle  that  is  tightly  stoppered,  the  lx)ttle  is 
burst  because  the  water  expands  while  turning  into  ice. 
The  expansive  force  exerted  by  freezing  water  is  enor- 
mous. It  has  been  found  sufficient  to  burst  cannon  that 
had  been  constructed  to  resist  the  bursting  force  of  high 
explosives.  When  the  water  which  fills  the  joints  and 
cracks  of  rocks  freezes,  it  splits  off  pieces  varying  in  size 
from  tiny  fragments  to  large  masses.  The  alternate 
freezing  and  thawing  of  the  smaller  quantities  of  water 
imprisoned  in  the  pores  of  the  rock  gradually  loosens 
and  displaces  the  fine  rock  granules,  and  finally  reduces 
large  quantities  of  the  rock  to  such  a  condition  that  it  is 
easily  pulverized.  We  have  only  to  break  with  a  hammer 
a  pebble  picked  up  at  random,  to  find  that  the  surface  is 
less  compact  than  the  inner  portion.  The  difference  is 
chiefly  due  to  the  solvent  action  of  water  aided  by  the 
action  of  frost.  Every  gardener  knows  that,  if  clay  soil 
is  thrown  up  in  ridges  in  the  autumn,  the  alternate  freezing 
and  thawng  of  the  water-soaked  clods  will  thoroughly 
pulverize  the  lumps  and  reduce  the  whole  mass  to  a 
powder. 

124.  Certain  gases  aid  the  action  of  water. — In  its 
descent  through  the  air  and  through  soil  that  contains 
vegetable  matter,  water  takes  up  various  gases  which 
.increase  its  solvent  power.  Chief  among  these  are  carbon 
dioxide  and  oxygen. 

1 25.  Carbon  dioxide. — Carbon  dioxide  is  always  present 
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in  the  air.  It  is  also  a  product  of  c]oca>nng  vegetable 
matter  and  is  found  in  soil.  Its  presence  in  water  greatly 
increanes  the  capacity  of  water  to  dissolve  g>'p8um  and 
limestone  rock^.  It  has  been  found  that  water  containing 
this  gas  will  dis8oIve  fifty-fold  more  limestone  than  an 
equal  volume  of  pure  water.  Although  the  sparkling 
water  that  flows  from  spring  in  limestone  regions  appears 
{K'rfectly  clear,  yet,  if  it  is  boiled,  the  Umcstone  it  contains 
sfttles  as  a  white  sediment  on  the  inner  surface  of  the 
Vfsscl.  I.ogs.  sticks,  and  leaves  in  streams  that  are  fed 
by  such  springs,  are  usually  coated  with  layers  of  lime- 
stone. 

126.  Oxygen. — Iron  nails,  wires,  and  implements  that 
are  kept  bright  and  dry  will  remain  unchanged  for  years; 
but  if  they  are  permitted  to  l^ecome  moist,  they  are  very 
-4K>n  eaten  by  rust.  Heaxy  iron  bars  that  have  been 
used  to  brace  bridges  have  been  reduced  to  a  reddish- 
brown  powder  within  a  few  years.  Many  rocks  contain 
iron  compounds;  and  water,  with  its  dissolved  oxygen, 
penetrates  into  the  pores  of  these,  and  oxidises  and 
removes  these  compounds.  The  brown  stains  frequently 
seen  on  the  surfaces  of  light-coloured  rocks  are  due  to  the 
effects  of  these  solutions  of  iron.  When  sewers  and  ditches 
arr*  heinx  dug  in  our  streets  and  fields,  we  often  find  stones 
of  larKc  •'^iz*'  composed  of  coarse,  brownish  granules,  which 
crumble  into  sand  when  struck  with  a  hammer.  These 
'rotten"  stones  formerly  containe<l  in  ^  rmunds;  but 

th<-M>  have  been  dissolved  by  water  coi  .  o.xygen  to 

the  action  of  which  they  have  been  exposed  for  many 
\vAr<.  -.iuA.  iu^f  :.-  l.rM.  ■,    "    '  ^  ^  »   .'     -     .•   -  haa 

I  «••  n    I'  'III  >\  "1 1    I  HI:  i  Ml-   ,:.  H>a 

<  t  <!  •   I  >mponents  that  txiund  the  particles  together,  fall 


«     I 


but  the  farm  in 


178  PHYSICAL  GEOGRAPHY 

ground  them  into  powder,  which  now  forms  merely  a 
part  of  the  soil  of  the  fields.  The  fate  of  these  stones 
illustrates  the  important  fact  that  the  removal  of  a 
portion  of  the  components  of  a  solid  rock  by  weathering 
agents  is  followed  by  the  crumbling  of  large  masses  of 
rock. 

127.  The  influence  of  climate  upon  weathering  by 
water. — Chemical  decomposition  of  rocks  by  the  solvent 
power  of  water  and  the  gases  it  contains  is  necessjirily 
greatest  in  moist,  warm  climates.  Warmth  and  moisture, 
acting  together,  not  only  ensure  an  abundance  of  deca>ing 
vegetable  matter  to  supply  carlwn  dioxide  to  the  wat^T 
in  the  soil,  but  also  provide  the  conditions  suitable  for 
promoting  chemical  action  of  the  solvents  upon  the  rocks. 
In  many  tropical  countries  this  solvent  action  attains 
great  importance.  In  Brazil,  for  example,  it  b  the  chief 
weathering  force  and  has  caused  the  surface  rocks  to 
be  decomposed  to  a  depth  of  nearly  one  hundred  feet. 
In  polar  regions  and  on  lofty  mountains,  however,  frost 
is  the  most  important  ally  of  water  in  promoting  weather- 
ing. In  dry  desert  regions  only  a  very  slight  amount  of 
weathering  is  caused  by  the  action  of  water. 

1 28.  The  effect  of  changes  of  temperature  in  desert 
regions. — Tropical  desert.s  are  subject  to  very  extcn-i\«' 
daily  ranges  of  temperature.  The  hot  sun  during  the 
day  frequently  heats  the  atmosphere  to  a  temperature  of 
120"  to  ISOT.,  and  rocks,  by  al>sorption  of  heat,  are 
brought  to  a  still  higher  temperature.  The  dryness  of 
the  atmosphere  permits  rapid  radiation  of  heat  after 
sunset,  so  that  the  temperature  frequently  falls  below 
the  freezing-point.  Since  rocks  are  poor  conductors  of 
heat,  these  sudden  extremes  affect  only  a  thin  layer  on 
the  surface  of  the  rocks.  Just  as  a  sudden  change  from 
cold  to  heat  causes  glass  to  crack,  so  these  sudden  varia- 
tions of  temperature  cause  the  surface  layers  of  rocks 
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to  become  chipped  into  fragments,  which  may  be  easily 
removed. 

129.  Weathering:  by  plants,— In  order  that  we  may 
understnntl  tlw  tiction  of  plants  in  bringing  about  the 
dbtintegration  uf  rocks,  let  us  examine  the  surfaces  of  the 
rocks  in  a  Muskoka  forest.  Here  the  ridges  of  rock  are 
almost  bare  of  soil,  but  the  dfprewikinii  between  the 
ridges  CfKitain  thin  layers  of  loaoL, 

On  the  surface  of  what  at  first  appetas  to  be  bare  rock, 
we  find  circular  patehes  of  grayish-coloured  lichens. 
These  are  plants  of  a  very  low  type,  which  have  no  true 
roots.  The  place  of  roots  is  supplied  by  fine  projections, 
called  holdjcuU,  which  enter  the  interstices  of  the  rock 
and  hold  the  lichen  firmly  to  the  surface  on  which  it 
grows.  When  the  lichen  ii  removed,  we  find  underneath 
it  a  quantity  of  fine,  moist  material  of  a  dark  colour, 
mixed  with  many  small  particles  of  rock.  This  furnishes 
evidence  that  the  holdfasts  of  the  plant  have  burrowed 
into  the  interstices  of  the  stone  and  have  extracted 
mineral  foods  from  the  latter,  and  that  the  mcNsture  and 
gases  produced  by  the  decay  of  the  plant  have  hastened 
the  decomposition  of  the  rock. 

A  rock  adjoining  the  one  just  examined  is  found  to  be 
almost  covered  with  a  layer  <A  moss,  which  is  quite  close 
and  thirk  near  the  centre  of  the  area,  but  is  scanty  near 
the  margin.  This  phenomenon  shows  that  the  moss  has 
gradually  extended  from  a  cmtral  point,  and  in  time  will 
cover  the  whole  rock.  Small  flowering  plants,  such  as 
Canada  bunch-berry  and  blue  vkilet,  have  taken  root 
among  the  moss  plants,  since  the  layer  of  soil  under  the 
moss  is  much  deeper  than  that  under  the  lichens.  This 
i>v'.r  of  soil  contains  oonskierable  sand  and  coaraer 
rials,  which  have  been  derived  from  the  rock  by 
forces  arising  from  the  prssence  of  the  moM  similar  to 
those  described  in  the  ease  of  the  ttoheo. 
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Upon  another  rock  a  younR  pine  wMnlling  is  growing. 
The  roots,  when  young,  evidently  obtained  their  nourish- 
ment from  a  small  patch  of  black  soil  that  the  rain  hati 
carried  from  the  mossy  bed.  But  now  the  roots  are 
penetrating  the  crevices  of  the  rock,  where  they  find 
not  only  moisture,  but  also  vegetable  and  mineral  foods 
which  have  l)een  carried  there  by  win<ls  or  which  have 
Ix^m  fomi«'<l  by  tho  wonthering  of  the  rock  (Fig.  68). 

In  time  the  growth  of 
these  roots  will  cause 
them  to  exert  such  an 
expansive  force  that 
they  will  enlarge  the 
cracks  in  the  rocks. 
At  a  later  stage  their 
decay  ^anll  furnish  acids 
to  aid  in  dissolving 
minerals.  Possibly, 
when  tho  tree  is  full 
grown,  it  may  be  over- 
thrown by  the  wind, 
and  the  roots  will 
uplift  tons  of  rock 
fragments  into  the  air,  where  the  finer  phases  of 
weathering  can  take  place.  When  the  tree  finally 
decays,  it  vniU  form  a  fine,  brownish  soil,  which  is  in  part 
composed  of  the  mineral  matter  that  the  roots  extracted 
from  the  rocks  on  which  the  tree  grew. 

The  soil  in  many  of  the  hollows  between  the  ridges  of 
rock  is  derived  mainly  from  decayed  lichens,  mosses, 
grasses,  shrubs,  and  trees,  mingled  with  the  coarser 
debris  from  the  weathered  rocks. 

130.  The  work  of  animals  in  rock  weathering. — In 
humid  climates,  particularly  where  the  soil  contains  clay, 
earthworms   assist   in   tho    work    of   weathering.     Tlicir 


Courtesy  of  Tkt  Moemillan  Co. 
Fig.  68. — The  work  of  tree  roota  in 
weathering 
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Inirrows  con.stituto  rhnnnols  for  the  ready  transmLasicNii 
through  the  r<m1  of  air  and  water.  I^arge  quantities  of 
soil  are  passed  thrt)UKh  the  lxxli(>s  of  the  worms  anti  raised 
to  the  surface  as  caj^t.s.  The  effect  upon  the  8(m1  is  to 
rofluce  it  to  a  finer  texture  and  to  add  to  it  chemicals 
that  promote  solution.  On  sandy  soils  and  in  arid 
rejfiona,  the  ant  performs  a  part  even  greater  than  that 

:: i:  i..i  j^y  ||j^»  earthworm  in  humid  areas.     Bur- 

I  lis  of  larger  size,  such  as  the  gopher,  hedge- 

hog, la.lger,  and  wood-chuck,  contribute  to  the  work  of 

.'^•il    -  Tion    by    exposing    quantities    of    material 

l>n»iiL  ora  deeper  layers  to  the  action  of  weathering 

:il;  ii  Through   modem   tillage  operations  man  haa 

'  >ne  of  the  chief  animal  agencies  in  promotiiiig 

if'ring.  The  removal  of  trees  makes  poaaiye  a 
frtir  -nt  of  water  through  and   over  the  soil; 

'I  J »« units   air    to    enter;    the    plough    removes 

n  and  turns  up  loose  soil,  giving  free  course  to 
the  action  of  weathering  and  making  ponible  the  erodon 
of  looee  material. 

TiiE  Erosiok  op  Kocks 

131.  Co-operation  of   erosion  and   weathering;. — The 

prorfv-  of  erosion.  t}i;it  i-;.  tin-  priM'«>-<.s  of  scraping  materials 

iW.i'.  troin  thf  surf:u-<>  of  r«Hk.s,  \sork.s  in  close  0(M>peratiaQ 

with    the    procefls   of    weathering.    Their   actions   are, 

'    interdependent.    The  accirniulatkn  of  even  a 

r  of  disintegrated  rock  would  suffice  to  protect 

rlying  surface  from  the  effects  of  frost  and  heat, 

'     '     '  ' '     passage  of  water  to  such  an  extent 

'illy  with  the  proceM  of  weathering; 

the  removal  of  the  decomposed  rock  exposea 

kfendea  (Fig.  69).    The 

ind,  is  assisted  by  the 

vvrnthering  iti  it  its  work  of  removing  the  exposed 

livr-i    *  f   '  By  loosening  the  rock 
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particles,  weathering  agencies  not  only  prepare  them  for 
removal,  but  also  make  them  available  as  tools  for  the 
eroding  agencies. 


V\g.  09. — Ba(l-lan<l  t<)i>ograpliy  on  K<-1  l)i<r  KUer,  AlU-rta 

1 32.  Eroding   agencies   and   their   tools* —  The    most 
important   eroding  agencies  are  gravity,   water,   winds, 

and  ice.  These  are 
made  much  more 
effective  by  the 
looeened  fragments 
of  rock,  which  are 
used  as  tools  to 
batter  and  grind 
the  opposing  sur- 
faces. 

133.  Gravity. — 
Upon  the  steep 
slopes  of  rocks,  the 
force  of  gravitation 
is  sufficient  to  effect 


.,4i 


CottfUsy  »f  Tkt  Macmillan  Co. 
Pig.  70. — Talus-slope  beneath  a  c'.ilT 
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the  removal  of  the  particles  that  have  been  looae&ed  by 
weathering.  When  these  particles  slide  or  roll  down 
Hteep  inclines  or  fall  upcn  the  faces  of  vertical  cliffs,  they 
knock  other  partides  off  and  carry  them  along.  The  foot 
of  precipitous  rocks  is  usually  bordered  by  a  huge  pile 
of  this  accumulated  waste.  To  such  a  pile  the  name 
UiIha  is  given  (Fig.  70). 

The  quantity  of  matter  that  falU  in  the  way  described, 
depends  upon  a  number  of  conditions,  of  which  the  most 
important  is  the  activity  of  the  weathering  agencies. 
Hence  it  k  greatest  in  the  spring,  when  the  combined 
effects  of  heavy  rains  and  the  alternate  thawing  and 
fr^-czing  have  reduced  the  surface  to  a  very  unstaUe 
ctjndition.  On  precipitous  surfaces  the  unstaUe  state  of 
large  masses  of  the  earth's  crust  frequently  brings  about 
landslides.  The  instability  may  be  produced  by  causes 
other  than  those  already  named.  Waves,  currents  of 
water,  or  moving  ice,  may  undermine  the  base  of  the  cliff, 
or  a  heavy  fall  of  snow  may  make  the  whole  top-heavy. 
When  a  mass  has  been  brouc^t  to  an  unstable  condition 
by  any  of  the  causes  named,  a  slight  disturbance,  such  as 
a  feeble  earthquake  tremor,  the  jarring  of  a  passing  railway 
train,  or  the  shock  of  a  strong  gust  of  wind,  may  set  the 
whole  mass  in  motion. 

y-ftwidiAMi,  causing  loss  of  life  and  destruction  of 
property,  are  not  uncommon  in  mountain  regions.  The 
roost  destructive  landslide  of  which  we  have  any  record 
occurred  in  1903  in  British  Columbia,  at  Frank,  a  town 
in  the  Canadian  Rockies  (Fig.  71).  This  landslide 
descended  along  a  front  of  nearly  one  and  one-half  miles 
and  completely  obliterated  a  portion  of  the  town.  The 
momentum  of  the  mass  carried  it  across  a  wide  valley 
and  to  a  considerable  distanee  up  the  opposite  slope. 
More  than  seventy  peiMoa  lost  their  lives  in  this 
disaster. 
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I  1.-    71. — ^The  Prank  landslide.  Alberto 


Courtesy  of  Henry  Holt  A  Co. 
Pig.  72. — Slope  with  numerous  Rullies.  the  smaller  ones 
joining  the  larger  ones 
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134.  Erosion  by  water. — Whenever  moving  water 
conn-s  in  contact  with  rocks,  it  exerdaes  an  eroding  cflfect, 
which  varies  with  the  volume  and  the  velocity  of  the 
toving  wattT  and  with  the  character  of  the  rocks.  When 
rain  falls  upon  fine  soil,  the  little  streamlets  produced 
by  the  sho^-er  look  muddy  from  their  loads  of  sediment 
gathered  from  the  soil  of  the  slopes  down  which  they 
run.  When  the  slopes  are  steep,  guUies  arc  frequently 
worn  into  them,  and  these  increase  in  depth  with  every 
rain-storm  (Fig.  72). 

Ejtision  by  the  little  streamlet  is  a  type  <^  the  work 
that  great  riven'  are  carryinR  out  on  a  grander  scale. 


fic  78— Til*  Old  or  Low  Nmtov  0< 


In  ( ^itario  there  are  a  number  of  r 
icep    channelB    in    solid   rock, 
example  of  this  is  the  Niagara  lliver  (Fig.  73). 


--«nd 
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of  the  history  written  upon  the  rocks  along  this  river 
shows  that  the  present  gorge  has  been  carved  out  by 
the  cataract,  which  has  receded  from  the  Quecnston 
escarpment  to  its  present  position,  a  distance  of  about 
seven  miles.  The  Canadian  Fall  is  still  carving  its  way 
up  stream,  the  present  rate  being  2.3  feet  a  year. 

The  scenic  beauty  of  the  Grand,  Credit,  Rideau, 
Ottawa,  and  many  other  rivers,  has  been  produced  by 
their  erosive  action  upon  the  rocks  into  which  they  have 
cut  their  channels. 

The  Grand  Canyon  of  the  Colorado  is  one  of  the  most 
wonderful  examples  in  the  world  of  gorge  formation  by  a 
river.  For  a  distance  of  more  than  200  miles  the  river 
has  cut  into  solid  rock  a  canyon  which  is  more  than  6,000 
feet  deep,  and  fonns  precipices  in  many  places. 


Caurifity  oflht  Otototrieal  Survey,  Canada 
Fig.  74— Miles  Canyon.  Lewes  River,  Yukon 


Impressive  though  these  conspicuous  evidences  of  water 
erosion  are,  the  total  results  are  insignificant  in  com- 
parison with  the  cumulative  effects  of  the  removal  of 
loose  fragments  from  the  earth's  surface  by  the  almost 
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unnotieed  aetaon  of  rain-wash,  and  stream  and  river 
transportation  (Fig.  74).  When  a  large  river  like  the 
Thames,  Ontario,  is  in  flood,  the  quantity  d  sediment  that 
is  tranqxrted  by  the  rushing  water  amounts  to  many 
'  isands  of  cubic  feet  a  day.  It  has  been  estimated 
t:..;t  the  whole  land  surface  of  the  earth  is  being  lowered 
at  the  average  rate  of  one  foot  in  eighteen  thousand 
years.  This  removal  proceeds  most  rapidly  upon  steep 
hills  and  upaa  plains  with  sharp  inclines,  particularly 
when  these  are  not  protected  by  vegetation. 

135.  Erosion  by  waves.— As  we  walk  along  the  shores 
of  the  sea  i^Fig.  75)  or  of  our  inland  lakes,  we  can  scarcely 
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Fig   75  —A  WBVd  rirrMktns  M  l»  •pprOArnm 
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fail  to  observe  that  water  waves  are  miporu».. 
tore  to  the  work  of  «»fn«ian.      Fv*m  small  waves  ar 
to  keep  the  gnt  pebbles  aloi 

l)each  in  almost  cuunioiii  •••",.....,  ......iigandswirlint^ 

about  and  eandng  them  to  rub  and  grind  again 
another.    If  a  stonn  ia  raging,  tbeM  effects  are  inicBM- 
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fied,  even  large  stones  Ix^ing  dashed  about  and  subjected 
to  the  process  of  abrasion. 

An  examination  of  these  pebbles  and  larger  stones 
shows  that  they  have  shapes  and  surfaces  very  diflFenml 
from  those  of  pieces  of  freshly  broken  rock.  The  sharp 
edges  and  angles  and  rough  projections  of  the  latter 
are  absent.    The  rock  fragments  have  been  rounded  and 

polished.  It  is  inter- 
esting to  find  pieces  of 
thick  glass,  such  &s 
parts  of  broken  bottles, 
among  the  beach 
debris,  and  to  note 
that,  although  these 
wore  doubtless  broken 
with  the  u.sual  irregu- 
lar jagged  outlines, 
they  have  l)een  re- 
duced to  forms  similar 
to  those  of  the  rock 
fragments.  The  glass 
grinder,  in  this  case, 
i.s  the  mo\'ing  water, 
and  its  tools  are  the 
pebbles  and  sand  of 
the  shore. 

The  particles  that 
are  ground  off  during 
the  process  of  con- 
verting the  angular 
fragments  into  smooth, 
roundish  disks  —  the 
typical  form  of  beach  pebbles — constitute  the  sand  of  the 
beach  and  the  clay  that  is  carried  away  in  suspension 
in  the  water.      The  suspended  clay  ^ill  settle  in   the 


.iy  ojtkt  Oeotogtcu. 
Flowerpot  Island 
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course  of  time,  to  build  up  beds  of  rlay  similar  to  those 
th«t  now  form  the  bMis  of  the  fertile  soils  of  many  parts 
of  Ontario. 

136.  The  action  of  waves  upon  cliffs. — When  stonn 
waves  dash  against  the  base  of  a  cliff  (Fig.  76),  the  water 
partides  are  driven  against  the  rocks  with  a  striking  foroe 
'  hat  is  supported  by  the  nxxnentum  of  tons  of  moving 
water.  The  erosive  power  of  the  beating  water  is 
increased  by  fragments  of  rock  which  the  waves  burl 
against  the  barrier. 
The  oontinual  action 
(tf  thesengendcs  wears 
hollows  and  caves  into 
thfn>rks.  If  the  rock 
i»  of  uniform  texture, 
Uurge  overhanging 
masses  will  remv-n. 
from  which  pieces  u  ill 
break  off  from  time 
TO  time.  As  these 
fragments  lie  upon  the 
shore,  they  mil  be 
Fuhjeeted  to  thf  ' 
vent  and  oro- 
rirtion  <)f  w.'itrr 
\vave«.     Tli» 

:ir»«    illustr..    i 

Scarboroujch    Hluffs, 
<  .L-t  of 'Himnto,  where 
u  ;a  (  urtion  is  causing  the  winwimi 
rlay  cliffs  at  the  rate  of  about  1  • 
When  the  rocks  mmpwing  the  cl 
hardness,  deep  caverns  may  aris* 
erorion  of  the  softer  portions,  whil- 
remain  in  the  form  c^  irregular  ar< 
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137.  Erosion  by  winds. — We  have  alroady  seen  that 
winds,  by  moving  cluudd  and  thus  influencing  rainfall, 
and  by  giving  motion  to  water  and  thus  increasing  its 
power  of  erosion,  play  an  indirect  part  in  weathering 
and  disintegrating  rocks.  But  x^inds  have  also  a  direct 
effect  in  altering  the  surface  of  the  lithoephere.  In  arid 
regions  the  transportation  of  rock  waste  depends  almost 
wholly  upon  winds.  Violent  storms,  in  which  great 
clouds  of  dust  darken  the  sky  and  over^'helm  the  traveller 
with  stifling  sand,  are  not  infrerjuent.  The  grinding  and 
polishing  effects  of  these  natural  sand-blasts  are  some- 
what similar  to  those  of  sand  when  moved  by  the  waves 
of  the  sea.  Therefore,  in  desert  regions,  where  the  surface 
of  the  land  is  unprotected  by  vegetation,  wind,  with  its 
sand  tools,  is  the  chief  agent  of  erosion.  The  hea\ier 
grains  of  sand  are  moved  along  close  to  the  ground, 
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Fig.  78.— Sand-dune.  Sand  Bank.  Ontario 

I>eck  at  the  bases  of  the  desert  rocks,  and,  by  chipping 
out  the  softer  strata,  produce  the  mushroom  and  other 
fantastic  t^^pes  of  formation  that  are  characteristic  of 
desert  lands. 
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138.  Sand-dunes. — In  several  parte  of  Ontario,  where 
the  soil  is  oompoeed  of  loose  sand  that  supports  aofy 
sparse  vegetation,  and  also  along  sandy  shores  that  have 
fairly  constant  winds  blowing  toward  the  shore,  are 
found  peculiar  mo\ing  sand  hills,  called  mmd-dmm. 
Good  examples  of  these  are  found  on  the  lake  sbons  of 
Prince  Edward  County  (Fig.  78).  Here  the  landward 
winds  have  built  up  a  series  of  sand-dunes  several  miles 
in  length,  which  have  advanced  failand  from  one  to 
three  miles,  and  present  an  almost  vertical  front  about 
thirty  feet  in  height.  These  are  steadily  advancing  at 
the  rate  of  several  feet  a  year,  overwhelming  fields  and 
engulfing  trees  that  stand  in  their  path. 

Standing  on  the  brink  of  the  advancing  dune,  the 
observer  can  discover  the  cause  of  the  forward  movement, 
in  the  thin  wreath  of  drifting  sand  which  is  swept  up  the 


FIs.  7».— A  troosto^hftp^  ctecUtad  rmU^r  ot  i 

gradual  incline  of  the  iboreward  sde,  •»• 
the  upper  edge  of  the  predpitouf  faee,  aliut.. 
surface  until  it  reAchet  a  potttkm  in  whieh  it 
to  rest 
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139.  Erosion  by  ice. — \NTicn  ui-  in  moiion  by 

gravity  or  by  currenU  of  water,  it  Ik  i  :  .  -  ,i  very  import- 
ant agent  of  erosion  and  transportation  (Fig.  79).  Special 
attention  is  given  to  the  effects  of  ict«  in  niotlifying  the 
earth's  surface  in  the  chapter  on  glaciers  and  icebergs. 

Practical  Exercises 

To  study  rock  weathering. — Pay  a  visit  to  an  old 
stone  wall.  What  evidences  of  weathering  do  you  find? 
What  weathering  agencies  have  produced  each  effect? 
Are  all  the  stones  weathered  to  the  same  extent?  What 
kinds  of  stone  are  weathered  to  the  greatest  extent? 
In  what  position  are  the  stones  that  are  most  weathered? 
Account  for  the  greater  weathering  of  some  of  the  stones. 

Visit  the  beach  of  a  lake  or  a  sea  and  find  examples 
of  the  phenomena  described  in  Section  135. 

After  a  heavy  rain  look  for  marks  of  erosion  on  a  sloping 
clay  bank  or  on  a  cultivated  hillside. 

Where  have  the  streamlets  worn  the  deepest  channels? 
What  effect  have  the  roots  of  plants  in  resisting  erosion? 
Where  did  the  streamlets  deposit  the  eroded  materials? 
Account  for  the  sorting  of  these  materials  into  coarser  and 
finer  layers. 
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Prbliminaby  Experimental  Work 

(/)    To  demonntraU  th<U  unhr  temLi  to  teek  its  Uvd. — 

Arrange  apparatus  as  shuvMi  in  Figure  80.  Pour  water 
into  the  thistle-tube  until  the  water  rises  into  the  bulb 
of  the  thistle-tube.  Compare 
the  levels  of  the  wattr  in  the 
system  of  tuln-s. 

(:?)   7b    drtnonntraU   f 

j)n/ition      of     limtj^f>n>       i>if 

H'ltrr    eonininiiifj    cnrhon 

dioxide. — 
Pais  a  slow  stream  of  carbon 
dioxide  gas  through  clear  limr- 
water  w  '  n  dilutiHl 

by  the .    an   equal 

volume  of  water,  until  the 
latter  turns  milky.  Supply 
each  pupil  with  a  test-tulie 
containing  a  sample  of  the 
milky  lime-water.  Describe 
thf  appearance  of  the  Ume- 
water. 

Kxnrnine  a  drop  under  a  hand  lens  and  :i 
the  uulkineas.    Place  a  few  drops  oo  a  sheet  oi 
evaporate  to  dryness.    Put  a  drop  of  acid  (dilute  hydro- 
chloric is  best)  on  the  residue  and  descrl' 
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place.  Compare  the  last  reaction  with  that  of  acid  on 
powdered  limestone.  What  was  the  residue  on  the  mica  ? 
Pass  an  exoees  of  carbon  dioxide  through  the  remainder 
of  the  contents  of  the  test-tube.  Explain  the  moaning 
of  the  change  in  the  appearance  of  the  water.  Place  a 
drop  of  the  clear  solution  obtainc*d  in  the  last  experiment 
upon  a  piece  of  mica,  and  evaporate.  What  is  left  on 
the  mica  ? 

Or  (a)  Into  a  test-tube  put  some  finely  powdered  marble 
or  limestone,  half  fill  the  test-tube  with  distilled  water, 
and  shake  the  mixture  gently.  Filter  a  small  quantity  of 
the  liquid  into  another  test-tube  and  evaporate  to  dryness. 
Set  this  test-tube  aside  for  comparison  with  that  used 
in  (6). 

(b)  Pass  a  current  of  carbon  dioxide  for  one  hour 
through  the  remainder  of  the  mixture  prepared  in  (a). 
Rlter  into  a  test-tube  a  quantity  of  the  liquid  equal  to 
that  filtered  in  (a)  and  evaporate  to  drjTiess.  Compare 
the  inner  surfaces  of  the  two  test-tubes  in  which  the  liquids 
were  evaporated.  Account  for  the  difference  in  their 
appearance.  Put  a  drop  of  hydrochloric  acid  into  the 
test-tube  in  which  the  liquid  from  (b)  was  evaporated. 
Compare  the  phenomena  observed  with  those  produced 
by  putting  a  drop  of  hydrochloric  acid  on  a  piece  of 
marble  or  limestone. 

(3)   To  demongtraU  the  formation  of  stalactites.  — 

Prepare  a  saturated  solution  of  sodium  hyposulphite. 
Partly  fill  a  bottle  with  the  solution  and  insert  a 
one-holed  stopper.  Arrange  a  piece  of  lampwick  to  pa«« 
through  the  hole  in  the  stopper  and  to  project  part  of 
the  way  down  the  outside  of  the  bottle.  Examine  after 
several  days.  Account  for  the  crystals  that  have  formed 
on  the  lampwick. 
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(4)  To  (UtHonilraie  the  effect  of  ehangf  cf  pnuwt  upon  the 
hmlinQ'poini  of  water, 

(a)  Into  a  strong  f^aas  flask  put  water  to  the  depth  of 
one  inch.  Heat  until  water  boils  briskly.  Remove  the 
flamet  and  insert  a  one-holed  stopper  with  a  tbermometer 
adjusted  so  that  the  bulb  is  immersed  in  the  water. 

Rub  a  cloth  dipped  in  cold  water  over  the  surface  of 
the  flask.  What  change  takes  (dace  in  the  state  of  the 
water?  What  change  in  the  pressure  within  the  flask  is 
produced  by  the  cold  cloth?    Read  the  thermometer. 

(6)  Withdraw  the  stopper.  WTiat  change  is  produced 
in  the  pressure  within  the  flask?  Does  the  water  continue 
to  boil? 

The  Origin  and  Distribution  of  Underground 
Waters 

140.  Introduction.— In  the  last  chapter  it  was  shown 
that  surfact'  water,  by  soaking  into  the  superficial  layers 
of  the  earth  and  by  its  movements  in  streams  and  rivers, 
acts  as  an  important  weathenng  and  eroding  agmt. 
Hut,  in  additkxk  to  the  water  that  acts  only  upon  the 
surface,  there  are  large  volumes  that  penetrate  into  the 
••arth  to  depths  varying  from  a  few  feet  to  several  thou- 
sand feet,  and  that  remain  there  for  days,  or  wedcs,  or 

'^  phtys  Its  part  in  altering  the 
xxles  of  activity  produoei  some 

uf   the   most   interesting   and    peculiar  of   the  earth'a 

w(in<len«. 

141.  The  source  ol  tndcrground  waters. — Wboi  rain 
falls,  a  larger  or  smaller  portkm  of  the  water  peroolatei 

iaterapaees  in  sand  or  gravel,  or  poim  down 

and  jointing  planet,  and  runf  along  the  bedding 

planes  of  rocks,  deeecadhig  from  one  level  to  anotiier 

until  it  finds  a  point  of  exit  in  a  ipffingt  or  until  it  haa 

fillLil  Up  all  the  available  wp^ot. 
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142.  The  quantity  of  underground  water. — The  quan- 
tity of  water  that  sinkA  into  tin-  rarth  in  thi'  way  descriUHl, 
depentls  upon  the  amount  of  minfall,  and  also  upon  the 
shape  and  the  character  of  the  surface. 

If  the  surface  has  a  steep  incline,  or  if  it  is  ccnnposed 
of  clay  or  other  impervious  rock,  most  of  the  water  that 
falls  upon  it  runs  off  as  surface  water;  but  if  it  has  very 
little  slope,  and  particularly  if  it  is  composed  of  porous 
soil  or  of  rock  that  is  cut  by  many  fissures  and  joints, 
most  of  the  water  passes  directly  underground. 

143.  The  water-table. — When  this  underground  water 
has  sunk  until  its  descent  is  obstructed  by  a  layer  of  clay 
or  other  unjointed  rock,  it  accumulates  in  the  strata  al)ove 
the  barrier,  and  these  become  saturated.  The  upper 
surface  of  the  saturated  layers  is  known  as  the  wntrr- 
tabU  (Fig.  81).    The  depth  of  the  water-table  below  the 

S 


Fie-  81. — L.  Level  of  Mtur»tion,  i.e.,  wmtcr-table.  8.  L»yer  of  pervioua 
■mmL  C.  Lajrar  of  impervioua  cUy.  At  A  the  watar^aow  is  at  the  tur- 
tmet,  baDoe  Mapace  watar.  At  B  and  D  the  water-tabia  ia  in  aoataet  with 
tba  imparvioua  lajror  C,  henea  apringa. 

level  of  the  ground  varies  in  different  situations.  It  is 
usually  least  in  valleys,  where  it  may  be  right  at  the 
surface  of  the  ground,  and  greatest  on  hillsides,  where  it 
may  not  be  encountered  until  the  level  of  the  adjacent 
valley  is  reached.  But  even  on  hills  there  are  often 
depressions,  overlying  impervious  layers,  in  which  the 
water-table  is  close  to  the  surface. 


The  Phenomena  op  Underground  Waters 

144.  Wells  and  drains. — Frequently  drains  are  required 
in  fields,  in  order  that  the  water-table  may  be  lowered  to  a 
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level  of  thr»'.>  or  four  fwt  below  the  surface  <rf  the  ground 
durinK  the  <i':i>on  of  growth,  for  very  few  cultivated 
pi:int>  have  roots  adapted  for  growing  in  and  drawing 
nuiri-htnent  from  a  aiMl  that  is  saturated  with  water. 
Durum  (In*  weather  the  water-table  in  many  regions 
Hinks  |.>u.r  :ind  lower.  This  fact  has  to  be  taken  into 
account  in  determining  the  depth  to  which  wells  must  be 
dug.  A  well  must  be  sunk  either  below  the  level  of  the 
water-table  for  the  dryest  season,  or  until  an  underground 
dianncl,  consiating  of  porous  material  through  which 
water  is  moving  to  a  lower  level,  is  encountered,  it  is  not 
unusual  to  find  underground  streams  flowing  in  tunnels 
that  have  been  formed  by  the  mo^'ing  water  carrying 
away  the  rand  and  smaller  pebbles  that  lay  in  its  path. 

145.  Underground  caverns.  —  When  underground 
streams  flow  down  the  cre\'ice8  and  joints  and  al(mg  the 
bedding  planes  of  limestone  strata,  the  water  enlarges 
the  channels  both  by  dissoKnng  and  by  eroding  the  rocks. 
'      (iiently  an  underground  system  of  streams,  similar  to 

.::aoe  systems,  exists.  The  main  stream,  which  arises 
from  the  union  of  a  number  ci  smallo'  ones,  combines  a 
considerable  portion  of  the  eroding  power  of  its  tribu- 
taries, and  thus  is  able  to  form  large  tunnels  or  caverns. 
Whenever  jointed  limestone  exists  in  very  thick  beds 
h  are  not  separated   by  layers  of  a  more  porous 

..  ire,  an  abundant  rainfall  ensures  cavern  foraiatkm  on 
;in  extensive  scale.  The  limestone  rocks  of  Elorm,  Owen 
Sound,  CoUingwood,  and  many  other  localities,  furnish 
•  xamplefl  of  caves  and  caverns  ot  considerable  rise. 

146.  The  fAitntnoth  Cave— The  most  remarkable 
subterranean  cavern  of  the  world  b  found  in  Kentudcy 
and  H  known  as  the  Mammoth  Cave.  This  cavern,  or 
rather  qrstem  of  caverns,  conaitto  of  a  bewUdoring  maae  of 
wiadiiig  galleries,  which  show  unmiitakable  evidneea  of 
being  the  subterranean   channeb  of  fonntr  ftiMms, 
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many  of  which  have  long  since  dried  up  or  have  been 
drained  into  lower  levels.  The  galleries  have  a  length 
totalling  at  least  two  hundred  miles  and  vary  in  height 
from  one  or  two  feet  to  eighty  feet.  At  intervals  the 
galleries  expand  into  chambers,  some  of  which  are  so 
large  that  a  single  one  could  contain  a  cathedral.  The 
walls  and  roofs  of  the  passages  and  chambers  are 
ornamented  by  stone  colunms  and  by  pendant  cones  called 

147.  Stalactites  and  stalagmites. — Stalactites,  or  stone 
icicles,  as  they  are  frefjuently  calkHl,  are  formed  from  the 
limestone  dissolved  by  water  containing  carbon  dioxide, 
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Gmrtesy  of  Information  Bureau,  Gowernmtnt  of  Wtst  Australia 
Pig.  82. — Stalactites  and  stalagmites.  Yalliogup  Cave.  West  Australia 

while  making  its  way  through  minute  crevices  in  the  rock. 
When  this  solution  oozes  through  the  roof  of  the  cave, 
part  of  the  water  evaporates,  and  some  of  the  carbon 
dioxide  escapes.    These  changes  lessen  the  capacity  of 
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the  wat^  for  retaining  Umeitooe  in  solution,  and  each 
drop  leaves  a  anudl  depoat.  The  accumulatioo  of  the 
deposits  from  a  countless  sueecaskm  of  drops  builds  the 
slender  cone  that  grows  downward  toward  the  floor.  At 
the  same  time  the  water  that  drips  upon  the  floor  may 
have  some  of  its  Ihnestooe  still  in  solution,  and  so  may 
cause  a  cone  of  stone  to  grow  upward.  Such  a  cone  is 
called  a  tUdagmiU.  FrequonUy  the  stalactite  and  the 
stalagmite  grow  until  they  meet  and  form  a  column 
(Fig.  82). 

148.  firings. — Subterranean  water  follows  the  down- 
ward incline  of  a  porous  stratum.  When  the  water-taUe 
of  »uch  a  stratum  comes  to  the  surface  of  the  earth,  the 
water  issues  either  from  a  large  area,  and  is  known  as 
seepage  water,  or  it  gushes  out  at  one  point  or  from  a 
limited  area,  which  is  usually  where  the  porous  stratum  is 
in  contact  with  an  imporNnous  layer  (Fig.  81),  and  thus 
constitutes  a  spring.  During  dr>'  weather  the  level  of 
saturation  of  the  porous  layers  frequently  falls  below  that 
of  the  point  of  issue  of  the  water,  and  the  spring  dries  up 
until  the  return  of  the  rainy  season.  Springs  of  the  latter 
kind  are  called  inUrmiUent  springs.  The  waters  of 
springs  are  usually  dear,  because  they  have  been  filtered 
by  the  sands  through  which  they  have  passed.  They  are 
aiso  frequently  cold.  The  low  temperature  is  caused  by 
the  waters  having  been  for  a  long  time  so  deep  within  the 
earth  that  the  surface  warmth  due  to  the  sun  has  not 
n'arhed  them. 

149.  Hot  tprines.— Waters  which  arise  from  depths 
tlmt  are  influenced  by  internal  heat  are  warm,  and,  fan 
aome  cases,  are  even  boiling.    These  constitute  tud  springt. 

heat  may  be  that  of  the  fOMnl  hi'           '*  earth, 

;  it  may  be  heat  eootained  wHIdii  i  -ts  of 

lava  (see  Volcanoes,  chap.  XVIII).  Smce  hot  re 
u   .illy  found  in  the  neighbourhood  <>^ 
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active  or  extinct,  the  latter  explanation  appears  to  be 
adequate  in  nearly  all  instances. 

150.  Geysert. — There  are  many  curious  examples  of 
boiling  springs  whose  activities  are  intermittent.  To  a 
spring  of  this  character  the  name  geyser  is  applied. 
Geysers  are  found  in  only  a  few  localities,  notably  in 


Fig.  88.— "Old  Faithful"  seyMT 


New  Zealand,  Iceland,  and  in  the  Yellowstone  National 
Park.  In  the  latter  region  they  occur  in  large 
numbers,  but  each  acts  independently  and  with  features 
pecuUar  to  itself.    The  action  of  Old  Faithful,  (Fig.  83), 


UNDERGROUND  WATERS  201 

the  most  famous  of  this  int>up,  may  be  taken  as  typical. 
For  neariy  fifty  years  after  its  discovery,  this  remaric- 
able  fountain  never  failed  to  eject,  at  intervals  of  approxi- 
mately one  hour,  a  oolumn  of  boiling  water  and  steam 
that  n>so  more  than  one  hundre<i  foot.  This  diacharie 
l&sU'ii  alM>ut  six  minutes.  During  this  period,  over  seven 
hundred  tons  of  water  were  projected  into  the  air.  These 
eruptions  are  becoming  less  n'gular  and  the  intervals 
longer.  The  quantity  of  water  thrown  out  is  also  less, 
rhe  eruption  is  followed  by  apparent  repose,  but  it,  in 
reality,  is  a  period  of  preparation  for  the  next  exploaoa. 
To  understand  the  action  of  a  ge^'ser,  it  is  necessary 
to  recall  that,  although  water,  under  atmospheric  pres- 
sure, tum.«  into  steam  at  100°C.,  if  the  pressure  is 
sufficiently  increased,  it  will  remain  liquid  until  the 
temperature  becomes  very  much  higher.  The  water  of 
a  geyser  is  contained  in  a  ver>'  long  tube,  which  is  so 
narrow  and  irregular  that  upward  movement  by  convec- 
tion is  very  much  restricted.  The  water  in  this  tube  is 
huhjected  to  inten.se  heat,  which  arises  from  pockets  of 
lava,  as  may  be  inferred  from  the  fact  that  geysers  are 
always  situated  in  the  neighlxjurhood  of  volcanoes. 
The  pressure  of  several  thousand  feet  of  superimposed 
water  prevents  vaporisation  until  a  very  high  temperature 
lias  been  reached.  Finally,  the  eiqiansion  of  the  heated 
water  and  local  formations  of  steam  cause  some  ot  the 
ovi  riyint;  nnter  to  be  pushed  up,  and  thus  the  super- 
hviiUxi  uuur  rises  to  a  level  wfacfe  the  pieaure  is  veiy 
much  reduced.  The  mtcnsely  heated  water,  when 
relieved  of  pressure,  bursts  into  steam  with  an  explosion 
of  tremendous  pofwer,  and  water  and  steam  are  burled 
forth  until  the  supply  is  exhausted.  During  the  interval 
between  two  explosom  the  tube  is  refilled  with  water, 
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and  thut  is  heated  to  the  temperature  neoeeaary  to 
produce  the  eruption. 

The  superheated  water  of  geysers  dissolves  silica  and 
other  minerals  from  the  rocks  through  which  it  passes, 
and  the  deposits  resulting  from  the  cooling  of  these 
solutions  build  cones  around  the  mouths  of  many  geysers. 

151.  Mineral  springs. — Moderately  warm  and  even 
cold  underground  waters  dissolve  various  materials  from 
the  rocks  and  give  rise  to  mineral  springs.  Sulphur 
springs,  for  instance,  contain  water  charged  ^^ith  gaso<3U8 
compounds  of  sulphur;  chalybeate  springs  contain  soluble 
iron  compounds;  and  calcareous  springs  are  impregnated 
^ith  soluble  carbonate  of  lime. 


CirirUiy  of  Ikt  Ontario  Bureau  of  Mitus 
Us.  SI. — Gold-bearinc  quuts  veina  cttttinc  oooclomerftte,  Tiini>k*mim 

152.  Mineral  veins. — Occasionally,  superheated  water 
and  steam  containing  mineral  matter  are  partly  cooled 
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while  lismg  through  cracks  in  rocks.  In  contiqogiice  of 
this  oooUng,  the  dissolved  mineral  matter  is  deposited 
on  the  walls  of  the  cracks,  thus  giving  rise  to  mineral 
This  is  only  one  of  the  several  modes  of  origin  of 


mineral  vans;  but  many  valuable  ore  deporits,  including 
some  of  copper,  of  silver,  and  of  gold,  have  been  produced 
in  this  way  (Fig.  84). 

153.  Artesian  welU. — In  many  parts  of  the  world  a 
common  method  of  securing  an  abundant  supply  of  pure 
water  for  domestic  and  industrial  uses  is  to  bore  a  bole 


Fic.  85. — Plowias  ^••tla  >■  a  ■jmeite* 

-  '  I  rod,  or  in  some  cases,  several  thousand  feet 
.liU^  i:.t  i.u^ih.  Water,  frequently  in  inexhaustible  quan- 
tity, rises  into  the  hole,  and  in  some  instances  throws  a 
fountain  hi^  into  the  air.  Such  sources  oi  water  are 
(^cd  artman  wlU.  Figure  85  illustrates  the  source 
and  the  behaviour  of  the  water.  The  water  which  has 
frill'-n  on  the  uplands,  as  at  I/and  17^  sinksinto  the  porous 
hiycT,  which  is  composed  of  gravel,  or  sand,  or  chalk,  and 


rw.  St.— riowiNt  ««a  to  •  ■■■aiiBi 
H  inclosed  between  layers  of  impervious  clay.  As  there 
>  escape  for  the  water,  a  permanent  water-table  is 
.<>d  at  the  levels  indicated  by  the  dotted  lines  at  TF. 
If  a  well  is  sunk  through  the  upper  layer  of  day  into  the 
fK>mtiJ«  lavor.  the  water  from  the  latter  will  pour  into  the 
wtll  and  U  forced  upward  by  the  ImmI  of  water  at  WM, 
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If  the  porous  maU-riai  otirnMi  no  rcsistanro  to  ius  move- 
ment, the  water  would  rise  almost  to  the  level  of  the 
water-table;  but  the  material  of  the  porous  layer 
obstructs,  to  some  extent,  the  water  as  it  moves  toward 
the  well,  and  therefore  the  water  does  not  rise  quite  to 
that  height.  Another  arrangement  of  rocks  which  gives 
rise  to  artesian  wells  is  illustrated  in  Figure  86. 

/.  and  /.  are  imper\'ious  layers.  P.  is  a  porous  layer. 
When  a  well  is  bored  at  W.  the  water  rises  in  it  because 
there  is  a  head  of  water  in  the  porous  layer. 


FIC-  87  (a).— Diapmm  iUustratinn  UmMtofM  mtmh.  8.  Sink  holes  where 
w»ter  enters.  C.  Clay  shsle.  very  slicbtly  soluble.  L.  Thickly  bedded 
limestooe.    B.  Entrance  to  eavem.    P.  Outlet  of  underground  i 
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The  Gsnbral  Fbatvrbs  or  Rivbrs 

154.  River  Terminology.— Almost  everywhere  upon 
the  f-nrth  wo  find  streams  oi  water  flowing  within  well 
define<i  hord(>r8.  When  these  streams  are  of  considerable 
size,  they  are  usually  spoken  of  as  r!rerf>. 

T'  ion  within  which  the  water  of  a  stream  is 

d  the  chauufi     The  sides  of  the  channel 
hankg  of  the  stream,  and  the  bottom 
■the  bed  of  the  stream. 
:  I  along  its  course,  we  find  it  joined 
smaller    streams,    which    are    called 
Following  one  of  these  toward  the 


are  kiv 

of  the  clianiit  1 

If  we  follow  a 
at    intervals    by 
tributary   rtrenm*. 


Pig.  ST.— Arf«> 

uplandu,  we  find  that  it  is  joined  b> 
tributaries.  The  main  stream,  tofc< 
taries  and  their  branches,  constit 
(nf.87). 
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The  area  drained  by  a  river  system  is  known  as  a 
river  h<uin.  At  the  margin  of  the  basin  is  a  divide,  vaalep- 
shed,  or  height  of  land,  which  separates  the  waters  of 
adjoining  river  systems.  The  divide  frequently  consists 
of  a  range  of  hills,  or  of  the  highest  level  in  a  plain  or 
plateau.  In  the  latter  case  it  is  often  difficult  to  perceive 
the  exact  line  of  separation  of  the  adjoining  river  systems. 
For  example,  the  height  of  land  on  the  Canadian  Shield 
is  scarcely  distinguishable  from  the  river  slopes  on  either 
side  of  it. 

1 55.  The  sources  of  the  water  of  rivenu — During  every 
rain-storm  we  may  observe  that  streaois  which  have  dried 
up  or  grovsTi  feeble  are  replenished.  It  may  also  be 
observed  that  the  melting  of  ice  or  snow  causes  freshets. 
It  is,  therefore,  easy  to  recc^nize  the  direct  sources  of 
the  water  of  many  streams  in  rain  or  snow.  But  many 
streams  continue  to  flow  during  periods  of  drought,  and 
in  spite  of  the  winter  frosts  that  make  the  soil  impervious. 
A  little  investigation,  however,  will  show  that  rain  and 
snow  are  likewise  the  source  of  these  streams,  only  in  a 
more  indirect  way.  Their  supplies  are  obtained  either  from 
stores  of  underground  water  which  issue  from  springs,  or 
from  water  that  is  held  upon  the  flat  surface  or  partly 
imprisoned  within  the  soft  soil  of  swamps  and  marshes. 
These  are,  therefore,  natural  reser\'oir8,  fed  by  rains  and 
snows,  from  which  the  waters  that  keep  the  streams  at 
fairly  uniform  levels  are  gradually  doled  out. 

Usually  the  waters  are  supplied  to  a  stream  in  all  the 
ways  that  have  been  described,  but  there  are  numerous 
streams  which  depend  upon  one  means  of  supply  to  a 
greater  extent  than  upon  any  of  the  others.  For  example, 
the  Saugeen  River  of  western  Ontario  is  fed  in  large 
measure  by  springs  that  issue  from  the  gravel  hills  of  the 
river  basin,  and,  consequently,  this  river  has  a  fairly 
uniform   volume   of  water.     A   neighbouring  river,   the 
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Maitlftnd,  receives  a  largi*  propoition  of  ita  water  directly 
from  rainfall  and  surface  drainage,  with  the  result  that 
the   volume   of   its   waters   decreases    greatly    in   dry 


156.  The  volumes  of  rhrers. — The  volume  of  a  river 
varies  in  many  instances  with  the  season,  changing  from 
a  feeble  stream  or  even  a  dry  bed  in  rainless  weather,  to 
a  roaring  torrent  in  periods  of  abundant  rainfall.  The 
volume  depends,  also,  upon  the  area  of  the  river  basin. 
The  Humber  and  the  Don  of  Ontario,  for  example, 
although  in  a  region  of  relatively  large  rainfall,  are  small 
rivers  because  they  drain  small  areas.  In  contract  with 
these,  the  Ottawa  and  the  Volga,  although  flowing  through 
areas  of  no  greater  precipitation,  are  larger  rivers,  because 
they  drain  larger  basms.  A  combination  of  the  two 
eooditions,  namely,  an  abundant  precipitation,  and  a 
vast  extent  of  dramage  area,  produces  the  great  rivers  of 
the  world,  such  as  the  St.  Lawrence  and  the  Missisappi 
of  North  America,  the  Amaaon  and  the  Orinoco  of  South 
America,  the  Danube  of  Europe,  the  Hwang-Ho  of  Asia, 
and  the  Ckmgo  of  Africa. 

Focests  also  exert  considerable  influence  on  the  volumes 
of  rivers.  A  greater  proportion  of  the  total  rainfall  is 
evaporated  from  cleared  land  than  from  that  which  is 
protected  by  the  shade  of  forest  trees.  Consequently, 
clearing  the  land  of  trees  in  a  certain  arsa  '*^™"*«*>*ft 
somewhat  the  volume  of  rivers  flowing  throu^  that  area. 
Furthennore,  the  moss  and  humus  of  forest  areas  absorb 
and  hold  water,  while  fallen  trees  cbttnict,  to  some  extent, 
the  surface  flow.  Thus  forest  areas  act  as  reservoiis, 
in  which  the  water  coming  from  heavy  rains  or  from 
melting  aiow  is  retained  for  some  time.  Therefore  rivers 
draining  forest  areas,  maintain  a  more  uniform  volume 
throughout  the  year  than  do  thoM  draining  cleared 
land. 
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Thb  Work  op  Rivers 

157.  The  agents  that  operate  in  erotion  by  riven. — 
The  effects  of  the  water  of  the  spring  fresheta,  as  it  rvma 
down  the  furrows  of  a  sloping  field,  are  so  commonplace 
as  scarcely  to  attract  our  attention.  Nevertheless,  we 
can  find  in  them  illustrations  of  the  forces  by  which  the 
rivers  and  their  tributaries  are  modifying  the  surface 
features  of  continents,  by  wearing  down  the  mountains 
and  plateaus,  by  spreading  out  the  plains,  and,  finally, 
by  transporting  the  materials  from  uplands  and  lowlands 
out  into  the  seas. 

In  their  work  of  erosion  rivers  make  use  of  the 
mechanical  forces  that  arise  from  the  movements  of 
water,  and  also  of  the  chemical  force  due  to  the  solvent 
power  of  water.  The  latter  force  has  already  been 
described  in  the  chapter  on  weathering  (Sec.  122). 
The  importance  of  this  force  as  a  destroyer  of  rocks  is 
illustrated  by  the  results  of  a  series  of  tests  of  the  waters 
of  the  Thames  River,  England,  which  show  that  the 
dissolved  limestone  in  this  case  represents  the  solution 
of  140  tons  of  this  rock  a  year  from  each  square  mile  of 
limestone  area  in  the  river  basin.  The  mechanical  forces 
that  are  the  direct  consequences  of  the  movements  of 
water  include  the  three  following: 

(1)  The  eroding  force  of  the  currents, 

(2)  The  transporting  power  due  to  the  movement  and 
the  buoyancy  of  the  water, 

(3)  The  cutting  and  grinding  action  of  the  sediment 
that  is  being  transported. 

158.  Erosion  by  the  cwrrent. —Erosion  by  moving 
water  is  illustrated  during  ever>'  rainfall.  The  raindrops, 
by  their  impact,  move  the  grains  of  sand  and  particles  of 
clay,  and  the  tiny  rills  are  discoloured  by  the  sediment 
washed  from  the  soil  over  which  they  flow.    The  erosive 
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force  incwiMM  with  the  velocity  of  the  current  and  the 
volume  of  the  stream,  and  its  attacks  are  quite  effective 
upon  the  softer  soils.  The  harder  rocks,  however,  are 
comparatively  unaffected  by  the  action  of  running  water 
unaided  by  other  agencies. 

159.  Transportation. — The  power  of  a  stream  to 
transport  materials  depends  upon  the  volume  of  its 
waters  and  also  upon  the  velocity  of  its  current.  The 
speed  at  which  the  current  flows  Ls  determined  by  several 
factors.  It  is  gn^ater,  for  example,  upon  steep  slopes 
than  upon  gentle  inclines,  while  upon  level  plains  the 
movement  becomes  very  slow,  for  here  it  depends  upon 
the  mass  of  water  mo\'ing  from  the  rear  and  pushing  the 
advance  water  forward.  The  rate  of  flow  increases, 
also,  with  an  increase  in  the  volume  of  water.  This  is 
ill  during  times  of  flood,  when  the  pressure  of 

aci  „. ung  water  forces  that  in  front  of  it  onward  in  a 

mad  rush  toward  the  outlet.  Obstacles  such  as  rocks, 
sand-bars,  abrupt  curves  in  the  channel,  and  ecnstrictions 
of  the  channel,  impede  the  flow  of  the  water.  Hence, 
the  speed  of  the  current  is  greatest  in  the  middle  of  the 
stream,  where  there  are  fewM*  obstructions  and  where 
there  is  no  friction  with  the  banks. 

The  swift  currents  carry  loads  ct  coarse  as  well  as  of 
fine  particles.  Those  having  a  velocity  of  one  and  one- 
half  miles  an  hour  can  carry  coarse  sand.  If  the  velocity 
is  two  miles  an  hour,  stones  as  large  as  tennis  balls  are 
dragged  along  the  bed  of  the  ttrsam.  Strong  mountain 
torrents  move  misswi  of  rock  weighing  several  hundred 
pounds.  When  the  speed  of  the  currant  is  retarded,  the 
buoyancy  of  the  water  alone  is  unaUe  to  support  the 
materials,  and  they  are  dropped  upon  the  bed  of  the 
channel.  The  ooarser,  denser  partteJes  are,  naturally, 
the  firet  to  be  deposited.  When  the  rate  of  flow  becomet 
quite  slow,  even  fine  sand  settles  from  the  water  and  day 
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alone  rrmains  in  it.  The  clay  particles  are  very  minute 
and  remain  fur  some  time  in  suspension  even  in  quiet 
water,  and  this  gives  time  for  their  dispersal  over  very 
considerable  areas  of  sea  and  lake  beds. 

The  total  quantity  of  seciiment  carried  out  to  the 
oceans  by  all  the  rivers  of  North  America  has  been 
estimated  as  sufficient  to  lower  the  level  of  the  whole 
continent  at  the  rate  of  one  foot  in  nine  thousand  years. 
If  it  were  possible  for  erosion  to  continue  at  this  rate, 
the  last  vestige  of  the  continent  would  be  reduced  to 
sea-level  in  about  fifteen  million  yvins. 

160.  Erosion  by  the  sediment  that  is  being:  transported. 
— Running  water  that  contains  no  sediment  has  but 


CouTitiy  uj  tht  Gtologtcai  Sujtty,  Canada 
Fig.  88. — Erosion  of  rocks  on  Red  Deer  River 


slight  effect  upon  hard  rocks,  so  that  even  verj'  swift,  but 
clear  waters,  such  as  those  of  the  St.  Lawrence  River, 
cause  very  little  erosion.  The  presence  of  grains  of  sand, 
stones,  and  pieces  of  ice,  however,  converts  the  stream 
into  an  efficient  grinding  machine.    These  hard  materials. 
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when  propeUed  by  a  cunvnt  of  oven  moderate  strength, 
rub  and  grind  against  and  pound  upon  the  bed  and  banks 
of  the  stream.  Slowly  but  surely  even  the  hardest  rocks 
are  abraded  by  their  ceaaeleas  action,  and,  in  this  way, 
gradually  the  channel  of  the  stream  is  cut  wider  and 
deeper. 

161.  The  fof- 
mation  oi  gorges. 
— ^When  a  large 
mound  ol  loose 
soil,  such  as  that 
obtained  in  dig- 
ging a  well  or  a 
cellar,  is  left 
exposed  to  th* 
action  ci  rain,  its 
steeply  sloping 
margins  socm  be- 
come furrowed  by 
the  streamlets 
which  drain  the 
water  from  its 
surface.  In  the 
course  of  time 
thrwc  furrows  are 
cut  deep  into  the 
OBOunds,  so  that 
they  divide  the 
plateau4ike  area 
into  roui^  blocks, 
and  tributaries  of 
the  main  gullies 
cut  the  iurfaee 
into  complex  patterns.  In 
river  canres  a  gully  in  the  it 
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area  and  gradually  wears  this  gully  farther  back  into  the 
interior  of  the  area  (Fig.  88). 

A  deep  gully  with  almost  vertical  walls  is  called  a 
gorge.  When  the  gorge  is  of  considerable  size,  it  is 
sometimes  spoken  of  as  a  gulch,  and  when  it  is  very 
large,  it  is  known  as  a  canyon  (Fig  89).  The  rivers  of 
British  Columbia  and  of  the  Yukon  Territory  have 
cut  many  gorges  and  canyons  of  impressive  proportions. 
The  wild  grandeur  of  the  rocky  chasms  and  of  the 
foaming  waters  is  one  of  the  most  striking  sights  in 
the  Rocky  Mountains. 


Lonrlti^  oj  Ginn  <fi  Cvmfiarty 

Fig.  W). — The  Onud  Canyoo  of  the  Colorado  River 

One  of  the  most  remarkable  gorges  in  the  world  is  the 
Grand  Canyon  of  the  Colorado.  The  Colorado  River, 
which  has  an  average  fall  of  about  eight  feet  a  mile, 
has  sunk  its  channel  to  a  depth  of  from  6,000  to  8,000 
feet  below  the  surface  level  of  the  lofty  plateau  across 
which  it  flows.  The  canyon  resulting  from  this  erosion 
extends  for  more  than  300  miles,  and  through  it  the 
river  rushes  with  terrific  force  (Fig.  90).  The  swift  cur- 
rent and  the  sediment  that  it  bears  are  still  engaged  in 
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eroding  the  river  b^,  and  will  continue  to  do  so  until  it 
is  lowered  to  bam  Uvet,  that  is,  to  sea  level. 

162.  The  orig:tn  of  waterfalli  and  rapids. — In  the 
process  of  grading  its  bed  to  base  level,  a  river  occa- 
sionally unooiverB  a  portion  of  a  soft  layer  of  rock,  which 
is  eroded  faster  than  the  harder  rocks  that  overlie  it. 
The  gouging  out  of  the  soft  lower  stratum,  while  the  more 
resistant  upper  strata  remain  intact  over  the  upstream 
portion,    results    in    the   formation    of   a   waterfall.     A 
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auaed  by  an  original  predpitoui 

: lili'l. 

taract  had  its  birth  in  the  aeeoiid  of 
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the  two  wftj'8  described,  when  ite  waters  poured  over  a 
vertical  clifT  near  Queenston.  This  fall  has  maintaintnl 
its  height  and  a  vertical  face  throughout  the  thousands 
of  years  since  it  originated,  because  erosion,  similar  to 
that  described  as  the  first  mode  of  origin  of  wati'rfalis, 
has  taken  place  during  its  whole  history.  The  cliff  over 
which  the  water  pours  is  composed  of  an  upper  stratum  of 
hard  limestone  and  lower  strata  of  soft  shales,  limestones, 
and  sandstones  (F'ig.  91).  These  softer  layers  are  gouged 
out  from  beneath  the  more  resistant  limestone,  until  the 
latter  is  so  undermined  that  pieces  of  the  overhanging 
ledges  break  off  because  of  their  o^^-n  weight  and  that 
of  the  water  which  rushes  over  them.  Thus,  although 
the  Cataract  is  slowly  retreating,  it  retains  its  precipitous 
front. 

If  the  strata  underljnng  the  bed  of  a  stream  at  the 
point  where  a  waterfall  occurs  are  of  uniform  hardness, 
the  rock  that  is  the  most  rapidly  removed  is  that  at  the 
brink  of  the  waterfall,  where  the  erosive  force  is  greatest. 
Such  a  waterfall  w\\\  be  gradually  converted  into  a  rapid, 
while  the  continuation  of  the  process  will  cause  the 
rapid  to  be  cut  slowly  to  a  lesser  grade,  until  it  becomes 
merely  a  swift  current.  In  many  cases  rapids  are  due 
to  original  steep  inclines  in  the  beds  of  streams.  The 
several  rapids  of  the  St.  LawTcnce  River  are  representa- 
tives of  this  class.  At  certain  places  the  slope  of  the 
river  bed  is  sufficiently  great  to  cause  the  water  to  flow 
with  great  swiftness,  but  is  not  sufficiently  steep  to  cause 
waterfalls. 

The  Deposits  op  Sediment  by  Rivers 

163.  Flood-plains. —  Although  the  water  of  a  river  is 
usually  confined  within  the  channel,  it  is  not  uncommon 
in  times  of  heavy  rain  or  of  sudden  melting  of  snow,  for 
the  river  to  overflow  its  banks  and  spread  far  out  over  the 
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furrounding  land.  Thus  is  formed  a  temporary  lake  of 
almost  molaonleM  water,  which  almost  entirely  lacks 
powo-  for  transporting  sediment.  In  consequence,  at 
each  ovn-flow  a  thin  layer  of  alluvial  deposit  is  spread 
over  the  flooded  land,  and  the  accumulation  of  deposits 
builds  up  a  levd  area  known  as  hjlood^jtlain  (Fig.  92). 


ng.  98.— A  flood>ptala.  MUk  Kivcr.  amr  PhmUi. 

Almost  any  Ontario  stream  will  furnish  esamphs  uf 
flood-plains.  These  are  usually  ci  anall  rise,  many 
being  only  a  few  yards  wide  aiMi  containfaig  only  a  few 
acres,  but  the  flood-plains  of  the  Grand  River  and  of  the 
Thames  River  of  western  Ontario,  and  that  of  the  Si. 
John  River  of  New  Brunswick,  orcupy  quite  large  araat, 
which  are  noted  for  their  rich  alluvial  soils. 

An  increase  in  the  quantity  of  sediment  carried  by  a 
river,  such  as  may  be  caused  by  the  elevation  of  the  upper 
portion  of  the  river  basin  or  by  man  rapid  erosion  in 
the  upper  basin  arising  from  the  cultivation  of  lanpe 
areas,  frequently  causes  sediment  to  be  deposited  in  the 
channel  at  tlie  kmer  part  of  the  river  ooaw.  The  level 
p.  o.  u 
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of  the  channel  is  gradually  raised  by  those  deposits,  and 
a  sucoeanon  of  overflows  accompanying  these  changes, 
each  contributing  a  layer  of  sediment,  will  result  in  the 
flood-plain  Iwing  laid  do^Mi  to  a  depth  of  many  feet.  At 
certain  places  along  the  Columbia  River  and  the  Snake 
River,  for  instance,  there  is  evidence  of  the  deposition 
of  wdiment  to  a  depth  of  360  feet. 

164.  Beaver  meadows. — Before  the  lands  of  Southern 
Ontario  were  cleared  and  brought  under  cultivation, 
along  almost  every  small  stream  could  be  found  open 
glades  of  very  level  land,  covered  with  a  rank  growth 
of  tall  natural  grasses  and  bordered  by  thickets  of 
willow,  birch,  or  poplar.  These  grassy  glades  are 
known  as  beaver  meadows.  Wherever  the  beavers  built 
a  dam  across  a  stream,  a  beaver  pond  would  spread 
over  the  valley,  inundating  an  area  varying  in  size 
from  half  an  acre  to  twenty  acres,  or  even  more.  Some 
of  the  trees  standing  in  the  flooded  area  were  cut  down 
by  the  beavers  ;  the  rest  soon  died  because  of  the 
complete  submersion  of  their  roots.  Meanwhile,  the 
pond  served  as  a  settling  p)ool  for  the  sediment  brought 
down  by  the  stream.  This  sediment,  together  with 
the  remains  of  trees  and  aquatic  plants,  finally  filled 
the  pond,  and  grasses  and  marsh  plants  began  to  grow 
upon  the  soft  and  very  fertile  soil.  Beaver  meadows 
may  be  seen  to-day  along  certain  streams  in  Old 
Ontario,  and  are  quite  numerous  in  Northern  Ontario 
and  in  the  forested  parts  of  other  provinces  of  Canada. 

165.  River  deltas. — The  deltas  found  at  the  mouths  of 
many  rivers  have  their  origin  in  a  process  somewhat 
similar  to  that  which  gives  rise  to  flood-plains.  In  delta 
formation  the  current  is  checked  by  the  resistance  of  the 
water  of  the  lake  or  the  sea  into  which  the  river  flows,  and 
this  causes  the  sediment  to  be  deposited  quite  close  to 
the  mouth  of  the  stream.     When  rivers  flow  into  the 
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the  aettling  of  tho  s<^<!iinrnt  is  accolorated  by  the 
action  (tf  the  salto  in  tiu-  water.  When  the  tides  and 
currents  are  not  strong  enough  to  sweep  the  sediment 
away,  it  a  '  ^ics  until  a  bank  is  built  up  almost  to 

the  8urfa<«  water.     The  waves  cast  the  sand  and 

the  silt  into  t)ars  and  ridges,  and  successive  floods  spread 
new  materials  as  though  over  a  flood-plain,  until  at  last 
the  delta  stands  out  above  the  water. 

While  the  form  of  deltas 
is  usually  fan-shaped  or 
triangular  (Fig.  93),  thane 
are  many  exceptions.  The 
gradual  sinking  of  a  por- 
tion of  the  sea  bed  on 
which  the  ddta  is  being 
built  may  alter  the  shape 
erf  the  delta  or  even  wholly 
prevent  its  formation.  The 
presence  of  currents  which 
sweep  parts  of  the  delta 
away  may  have  rimilar 
effects. 

166.  Alluvial  fans.— Ver>'  similar  to  deltas,  though 
differing  in  lix-.ition.  are  the  deposits  from  streams  that 
dettccnd  fnmi  tnountaiii^  which  border  plains.  These 
streams  are  usually  heavily  laden  with  sediment  whidb 
has  been  washed  into  them  by  rains  cr  by  mountain 
torrents.  Upon  reaching  the  plain  the  velocity  of  the 
stream  is  checktHl  The  sediment  is,  therefore,  deposited 
in  a  delta-like  formation  which  is  called  an  aUutial  fan. 
The  most  favourable  conditions  for  the  develo|xnent  of 
alluxnal  fans  are  found  at  the  bofden  of  deserts.  Here 
the  volumes  of  the  mountain  streams  are  rapidly  dimin- 
ished by  evapoimtico  into  the  dry  air  and  by  absorption 
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into  the  thirsty  soil.  The  Piedmont  Plain  of  Southern 
California,  having  an  area  of  nearly  200  square  miles,  is 
an  allunal  fan. 

167.  Alluvial  cones.  —  Extremely  svinft  mountain 
streams,  which  have  great  power  of  transportation, 
deposit  quantities  of  coarser  materials  close  to  the  point 
at  which  they  reach  the  plain,  and  a  cone-shaped  mound 
is  built  up,  which  is  kno^^^l  as  an  aUutval  cone  (Fig.  94). 


CouTltsy  oj  Tkt  MacmiUan  Co. 
Fic.  94. — An  alluvial  coae.  near  Great  Salt  Lake.  Utah 

Since  deltas  and  alluvial  fans  are  composed  of  sedi- 
ments, transported  by  water,  their  soils  are  very  fertile, 
and,  as  they  are  abundantly  supplied  with  water  for 
irrigation  and  transportation,  they  are  usually  densely 
populated.  Deltas  are,  however,  frequently  over- 
whelmed by  disastrous  floods.  In  a  single  flood  that 
devastated  the  delta  of  the  Hwang-Ho,  China,  one  million 
people  lost  their  lives. 

1 68.  River  meanders. — There  is  a  noticeable  difference 
between  the  course  of  a  river  that  has  a  moderately  swift 


RIVERS 


219 


cunmt  Jind  that  of  one  with  a  tHawer  current.  The 
momentum  of  the  waters  c^  the  former  gives  it  power 
to  overeome  obetadee,  and  this  tends  to  keep  it  straight; 
while  the  feeble  energy  of  the  latter  causes  it  to  be 
easily  deflected  from  its  course.  Accordingly,  rivers  that 
flow  through  volleys  containing  wide  flood-plains  and 
having  gentle  slopes,  usually  have  verj'  sinuous  courses. 

The  formation  of  the  meandering  course  of  a  stream 
is  explained  by  means  of  Figure  95,  in  which  the  dotted 
lines  represent  the  fcrmrr  bonks  and  the  dark  lines  the 
present  channel  of  the  stream.  The  current,  by  striking 
against  the  bank  at  A,  gradually  eroded  it,  until  a  strong 
curve,  C  Al  C^  was  formed.  Meanwhile,  the  sediment 
carried  by  the  undercurrents  from  A  to  B  was  deposited 
at  B  to  BJ,  where  the  current  had  its  least  velocity,  and 
a  fairly  uniform  width  of  channel  was  maintained.    The 

H"^ •  n  of  the  current  from  A  caused  it  to  strike  the 

(  horo  at  /),  and  here  changes  took  place  similar 

to  ti;  rded  at  J.     In  thb  way  qrstema  of  winding 


eunrea  are  pfwluoed,  which  give  grace  and  beauty  to 
many  valley  landtcapea.  The  plaaaing  effect  ia  incrwaed 
by   the   great   variety  of  eurvei,  for  no  two  are  evtr 
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exactly  alike.  The  most  highly  developed  type  of  curve 
is  that  which  is  called  the  ox-lx)w.  Figure  96  illustrates 
a  series  of  these  cun'es.  Since  so  much  of  the  erosion  in 
a  river  meander  takes  place  along  the  margin,  the  valley 
is  gradually  \N'idened. 


Courtesy  of  tin  Gtoloiical  Surtty,  Canada 
Pis.  90. — River  meander.     The  ox-bow 

169.  River  terraces. — After  a  river  has  run  its  mean- 
dering course  for  many  years  and  has  spread  a  broad 
flood-plain  across  its  valley,  it  sometimes  happens  that 
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the  grade  of  the  stream  is  increased,  and  its  current 
beeomes  oorrespGodingly  swifter.  This  change  may  be 
due  either  to  an  elevation  of  the  upper  portion  or  to  a 
deptession  of  the  lower  pcNlion  of  the  river  basin.  Just 
as  a  marble,  when  descending  a  steep  incline,  takes  a 
straighter  course  than  that  which  it  follows  on  a  slope 
of  lesser  grade,  so  the  rejuvenated  stream  sh<»tens  its 
curves  and  begins  to  carve  a  narrower  valley.  Owing 
to  the  increased  power  oi  erooon  ariang  from  the  greater 
velocity  of  the  water,  the  new  and  narrower  valley  is 
soon  simk  below  the  level  of  the  original  broader  valley, 
the  margins  of  which  ronain  as  river  ierraeet  (Fig.  97).  A 
series  of  changes  such  as  those  described  above  may  take 


ris.  97.— TvrMM  la  < 
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none  are  more  easily  read  than  those  that  reveal  the 
life  histories  of  rivers  and  valleys.  The  valley  Ix^gins 
life  as  a  narrow  gorge  with  precipitous  walls,  while  the 
stream,  during  its  early  years,  is  a  rushing  torrent  that 
concentrates  its  force  at  intervals  into  rapids  and  water- 
falls. The  stream  expends  the  turbulent  energy  of  its 
youth  in  widening  the  gorge  that  confines  it,  in  gouging 
its  channel  deep  and  far  into  the  river  basin,  in  lowering 
waterfalls,  and  in  lengthening  rapids,  and  thus  making 
the  grade  of  the  channel  more  uniform. 

The  detritus  obtained  through  these  operations  is 
used  in  filling  up  lakes,  spreading  plains,  and  building 
deltas,  while  the  excess  is  swept  into  the  sea.     In  brief, 


Fl«.  98. 


CamtUsy  of  the  Gtolotkal  Surrry.  Cammdm 

-A  nutture  valley,  north  of  Caotley.  Que. 


the  streams  are  engaged  in  planing  dovNTi  the  rough, 
unfinished  surfaces  and  in  filling  up  the  depressions  of  the 
primitive  land  masses,  thus  gradually  altering  the  surface 
features  to  the  lines  of  maturer  age. 
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171.  The  maturity  of  river*  and  river  valleys. — 
Mature  valleys  (Fig.  98)  are  characterized  by  relatively 
smooth  surfaces  and  graceful  curving  lines,  in  which 
concave  passes  to  convex  without  break  or  angle.  The 
rivers  are  quiet,  meandering   streams,  devoid  of  rapid, 


CtmiUty  •/  Urn  Cmtrngmmt  Umint.  c  ^njJa 

Fl(.  00— Old  Tftllar.  ihowtaf  the  r«iBaliM  of  Mooat  Jotuix-n 

waterfall,  or  lake  expansion.  Erosioil  is  confined  to  the 
upper  portion  of  the  basin,  where  the  tributaries  are  at 
work,  lowering  the  uplands,  improN-ing  the  drainage  of  the 
heights  of  land,  and  narrowing  than  into  divides.  The 
eediment  obtained  by  theee  eroiiQae  is  spread  out  in 
flood-plains  that  extend  over  the  lower  part  of  the 
river  couTM.  This  perkxi  of  the  life  history  of  n 
river  is  a  very  long  one,  during  which  methodieal 
preparation  is  made  for  the  oomparatiye  faiactivity  of 
old  age  (Fig.  99). 

172.  The  old  age  of  rhrers  and  rhrcr  valkys* — The 
pericMl  of  old  sge  of  rivers  and  river  YiUeyt  is  spent  in 
peaceful  repose.  The  surfaoe  of  the  rhrer  basin  has 
been  levelled  afanost  to  a  plain,  with    an   tnti-asifial 
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prominence — the  remains  of  a  rock  mass  that   proved 
more  resistant  to  the  jiirencies  of  erosion  than  its  f<  llou^. 


Pic.  100.— DiacTkin  to  illustrate  a  valley  broadntinc  by  a  meanderinc  rivar. 
1.  A  younc  V-ahaped  valley.  2.  A  vallciy  ia  early  youth.  3.  Hm  atream 
baa  earveda  broad  valley. 

The  erosive  force  of  the  river  has  been  reduced  to  a 
minimum,  because  it  has  cut  its  channel  almost  to  base 
level  (Fig.  100). 


Practical  Exercises 

Construct  a  plasticine  model  of — A  local  stream,  show- 
ing its  basin,  watershed,  source,  tributaries,  and  flood 
plain. 

In  the  local  region  find  examples  of:  Flood  plains, 
meandering  streams,  alluvial  fans,  deltas  formed  in  rain- 
pools.  Compare  these  local  examples  with  those  described 
in  the  text. 


CHAPTER   XIV 

LAKES 
General  Features 

173.  Definftton. — It  '^  customary  to  define  a  lake  as  a 
body  of  tttanding  water  occup3riiig  a  dcprcarion  in  the 
land.  If  defined  in  relation  to  its  origin,  it  must  be 
described  as  a  body  oS  water  which  is  formed  where  the 
drainage  system  of  an  area  is  incomj^ete,  or  where  it  has 
been  accidentally  obstructed.  Lakes  are  usually  in  the 
interior  of  land  areas,  but  the  term  is  also  applied  to 
bodies  of  standing  water  that  are  on  the  coast  and  in  direct 
connection  with  the  sea.  For  example,  the  large  area 
at  the  mouth  of  the  Misassippi  River,  which  was  once 
open  sea,  but  is  now  partly  inclosed  by  bars  of  sand 
and  silt,  is  knon^n  as  Lake  Pontchartrain.  Even  the 
qualifying  word  "standing"  is  not  strictly  applicable  in 
many  cases,  for  lakes  that  are  expaiMJow  of  rivera 
frequently  have  well  marked  currents.  Tbus  even  the 
Great  Lakes  have  currents  of  a  minimum  rate  of  four 
miles  a  day,  and,  in  some  instances,  local  currents  of  a 
velocity  of  four  miles  an  hour  have  been  obsrr\'rd  at 
parts  of  thcae  lakes.  Nor  are  all  lakes  bodies  of  freab 
water,  for  a  few,  such  as  the  Great  Salt  Lake,  the  Caspian 
Sea,  and  the  Dead  Sea,  which,  despite  their  names,  are 
really  lakes,  contain  water  which  is  more  salty  than  that 
of  thf  ocean. 

174.  The  sources  of  Ukc  water. — Some  lakes  reeehre 
their  cntirf  Hupply  of  water  from  rains  that  fall  directly 
upon  th(  surface  of  the  lake  and  upon  a  narrow  rim  of 
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BurroundinK  land.  Numerous  small  lakes  occup>nng 
rook  basins  in  Muskoka  and  other  portions  of  the 
Laurent  ian  area,  are  representatives  of  this  class. 

In  luldition  to  this  source  of  supply,  many  lakes  receive 
water  from  inlet  rivers,  and  nearly  all  are  fed  by  tribu- 
tary streams,  just  as  main  rivers  are  fed  by  tributary 
rivers.  For  instance,  the  Niagara  is  the  inlet  river  of 
Lake  Ontario,  and  the  Humber,  Don,  Trent,  etc.,  are 
tributary  rivers  that  carry  into  it  the  drainage  from 
surrounding  areas. 

Since  the  beds  of  lakes  usually  lie  below  the  water- 
table  of  the  neighbouring  land,  imderground  water 
constitutes  another  source  of  supply.  We  have  already 
learned  that  springs  and  streams  and  underground  waters 
all  have  their  origin  in  rain  and  snow;  hence  we  are  able 
to  trace  the  water  supply  of  all  lakes  to  the  moisture 
in  the  air.  As  a  natural  consequence  of  the  dependence 
of  lakes  upon  atmospheric  moisture,  the  levels  of  lakes 
are  subject  to  variation. 

175.  Changes  of  lake  levels. — The  amount  of  water 
in  nearly  all  lakes  changes  from  time  to  time.  The  levels 
rise  after  heavy  rains  have  fallen  or  after  much  snow 
has  melted,  and  sink  in  periods  of  drought.  These 
changes  are  greatest  in  the  case  of  small  lakes  which 
have  narrow  outlet  streams.  The  high  level  reached 
during  spring  freshets  may  be  marked  by  lines  which  are 
caused  by  the  abrasion  of  ice  and  which  are  easily  traced 
along  the  rocks  several  feet  above  the  sunmier  level  of 
the  water.  Such  lines  are  familiar  features  of  the 
Rideau,  Kawartha,  and  Muskoka  Lakes.  In  the  Great 
Lakes  these  fluctuations  are  less  noticeable,  for  they 
seldom  exceed  one  and  a  half  feet. 

In  addition  to  changes  arising  from  variations  in  rain- 
fall, the  levels  of  the  larger  lakes  are  influenced  by  wind 
and  by  atmospheric  pressure. 
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When  windB  prevail  from  any  quarter  for  several  days, 
they  t(>nd  to  hc«p  the  water  against  the  windward  shore. 
Thus  a  gale  blowing  from  the  north  has  been  known  to 
raise  the  level  of  Lake  Michigan  seven  feet  at  Chicago. 
The  difference  between  high  and  low-water  marks  at 
the  eastern  end  of  Lake  Erie  is  fifteen  and  one^ialf  feet, 
high  level,  in  this  case,  being  caused  by  prolonged  ^inds 
from  the  west,  and  low  level,  by  continuous  east  winds. 

It  has  been  observed,  during  calm  weather,  that  a 
high  barometric  pressure  over  one  part  of  the  lake  causes 
an  uplift  of  the  water  in  a  part  of  the  lake  over  which 
the  pressure  is  low.  In  some  instances  changes  in  level 
of  several  feet  have  been  noted.  A  series  of  up-and-doiKu 
movements  follows  one  of  these  uplifts  until  equilibrium 
is  restored.  The  name  mehe  (sash)  is  ^ven  to  such 
an  oscillation  of  the  surface  of  a  lake. 

Feeble  tidal  waves  have  been  observed  in  the  Great 
Lakes,  but  in  no  case  have  they  been  found  to  reach  a 
height  of  more  than  five  inches. 

The  levels  of  the  Great  Lakes  are  subject  to  periodic 
variations.  Thus,  during  the  year  1906  the  mean  height 
of  Lake  Ontario  above  sea-level  was  248.6  feet.  During 
the  next  two  years,  the  level  fell,  until  in  1011  the  mean 
was  245.6  feet  above  8e»>Ievel.  An  upward  swing  fol- 
lowed, and  in  1913  the  mean  level  was  348  feet.  The 
last  low-water  mark  was  in  1926,  when  the  mean  level 
was  245  fret.  This  is  the  lowest  level  reached  since  1895, 
when  the  mean  was  246  feet.  Since  1926  the  level  has 
been  gradually  rising,  the  meui  level  for  1929  being 
248.2  feet.  This  was  the  highest  mean  since  1908,  and 
was  exceeded  by  only  four  m  the  past  aeventy  years. 
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The  Origin  op  Lake  Basins 

176.  Oaaufication  of  lakes  as  features  of  drainage* 
— Several  sysU'ms  of  chissification  of  lakes  have  b«>«'n 
used  by  geographers,  but  the  most  simple  and,  at  the 
same  time,  the  most  scientific  is  that  employed  by 
W.  M.  Davis.  His  classification  recognizes  lakes  as 
features  in  drainage  systems,  as  "incidents  in  the  life 
histories  of  rivers  and  river  valleys."  It  may  be 
described  in  outline  as  follows: 

1.  Xew-land  lakes.  —  This  group  is  composea  of  lakes 
whose  basins  have  been  recently  laid  do\*Ti  by  glacial 
action,  or  consist  of  original  depressions  in  lands  newly 
elevated  above  the  sea.  The  land  around  these  lakes 
bears  the  rough,  unfinished  characteristics  of  youthful 
areas,  and  the  lakes  are,  in  themselves,  evidence  of  the 
newness  of  the  lands,  smce  they  show  that  the  drtunage 
^stems  have  not  been  p>erfected. 

2.  Ijokes  due  to  normal  drainage  development. — During 
the  development  of  drainage  systems  numerous  lake 
basins  are  formed.  Some  are  produced  by  streams 
eroding  depressions  in  which  water  accumulates  (Fig. 
101),  and  others  are  caused  by  streams  depositing  detritus 
in  such  positions  that  dams  are  formed  and  large  areas 
become  flooded. 

S.  Lakes  due  to  interference  with  normal  drainage  develop- 
ment.— The  progress  of  normal  drainage  development  is 
sometimes  impeded  by  crustal  movements,  volcanic 
activities,  or  other  agencies,  which  cause  p>ortions  of 
drainage  areas  to  become  converted  into  lake  basins. 

New-land  Lakes 

1 77.  Lakes  on  glacial  drift. — The  new-land  deposits  of 
glacial  drift  which  lie  south  ef  the  Laurentian  Highland 
in   Canada   and   which   extend   across   Minnesota   and 
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DakotA,  arc  «!tro\m  with  lakes  which  occupy  depr 
that  were  (-au.M-<i  l)y  the  irregular  spreading  of  glacial 
detritus.  The  total  number  of  these  lakes  must  exceed 
one  hundred  thousand,  and  they  range  in  sise  from  small 
poods  to  Inxlies  oovoing  hundreds  oi  square  miles. 
Lake  Winnipeg,  having  an  area  of  more  than  9,000  square 
miles,  is  the  largest  survn>'ing  lake  of  this  new-land  area, 
and  is  a  vestige  of  the  gigantic  glacial  lake  knoiKH  to 
gBologists  as  Lake  Agaaos. 

178.  Lakes  on  land  nrwly  elevated  above  the  sea. 
— Lakes  oocup>'ing  depresrioDs  that  existed  in  lands 
when  these  were  elevated  above  the  sea  are  found  in 
Florida  and  also  south  of  Hudson  Bay.  Great  Salt 
Lake,  Utah,  is  a  remnant  of  a  great  body  of  water  that 
filled  a  depression  in  a 
vast  area  that  arose 
out  of  a  sea  of  rela^ 
ti\'ely  recent  age. 

Lakes  Due  to 
Normal  Drainage 
Dkvklopmknt 

179.  Ox-bow  lakes. 
It  frequently  happens 
that,  at  times  of  flood, 
the  water  of  a 
meandering  stream 
flows  across  a  narrow 
neck,  such  as  iS  T, 
Figure  101.  At  each 
overflow  this  moie 
direct  course  it  worn  r)^ioi.—Amm*am\akm 

deeper,  until  finally  it  becomes  a  permanent  part  of  the 
channeL  The  curve  is  converted  bto  an  ow-bow  lake, 
when  its  ends  beeome  eboked  with  sediment, 
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180.  Flood'pUins  converted  into  lakes*  —  When  a 
stream  in  flood  spreads  over  \is  valley,  its  load  of  sedi- 
ment is  deposited  most  abundantly  close  to  its  channels, 
because  an  immediate  check  is  given  to  the  current 
as  it  crosses  the  banks.  In  consequence  of  this,  natural 
embankments  or  levees  are  built,  which  prevent  free 
drtunage  of  the  flood-plain,  and  so  lakes  are  formed  on 
each  ade  of  the  stream.  Tributary  streams  discharge 
their  waters  into  these  levee  lakes  and  increase  their 
volume.  Many  shallow  lakes  of  this  type  are  found 
along  the  rivers  that  flow  into  the  Gulf  of  Mexico.  The 
marshes  and  the  ponds  that  border  many  low-land 
streams  of  Ontario  had  their  origin  in  a  similar  way. 

181.  Lakes  due  to  dams  of  delta  origin. — In  some 
instances  waves  and  currents  move  a  portion  of  the  sand 
and  silt  that  are  being  formed  into  a  delta  and  build  it 
into  bars  that  inclose  considerable  areas  of  the  sea. 
Lake  Pontchartrain  at  the  mouth  of  the  Mississippi, 
having  an  area  of  600  square  miles,  has  been  inclosed  by 
bars  built  from  materials  filched  from  the  river  delta. 

When  a  tributary  stream  carries  large  quantities  of 
sediment  into  a  main  stream,  and  the  current  of  the 
latter  is  slower  than  that  of  the  former,  the  sediment  is 
deposited  below  the  point  of  confluence,  and  a  dam  is 
eventually  nused,  which  converts  the  valley  above  it 
into  a  lake  baran.  Among  the  best  examples  of  lakes 
held  by  delta-fans  that  have  been  built  by  lateral  streams, 
are  those  that  occur  in  the  valleys  draining  to  the 
Assiniboine  and  other  rivers  of  Manitoba. 

When  a  stream  that  enters  a  lake  or  a  sea  crosses  low 
sandy  beaches,  waves  and  currents  tend  to  check  the 
progress  of  the  water  before  it  passes  the  outlet.  Here 
its  load  of  sediment  is  deposited  and  is  moulded  by  waves 
into  bars  which  form  a  dam.  The  imprisoned  water 
spreads  over  the  flat  lands  bordering  the  stream,  thus 
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forming  a  lake  or  a  marsh.  NumeroiM  lakes  and  marahwi 
fornuii  in  this  way  are  found  akmg  the  abons  of  Lakes 
Erie  and  Ontario. 

LaXBS    DUV    TO    iNTSRrBRCNCB    WITH 

Normal  Drainags 

182.  Introduction.— The  normal  prooesMt  ci  drainage 
deTetopmcpt  are  obetructed  by  many  different  agencies. 
The  interferences  vary  in  magnitude  from  minor  move- 
ments, such  as  landslides  which  obstruct  small  streams 
and  give  rise  to  shallow  ponds,  to  those  invoUing  the 
feeding  of  large  areas  <^  the  earth's  crust  and  ctrntrib- 
uting  to  the  formation  of  some  of  the  worid's  greatest 
lakes.  The  basins  of  the  Great  Lakes  of  North  America 
are  due  in  part  to  settling,  during  folding,  of  large  msnnra 
of  the  earth's  crust 

183.  Lakes  due  to  crustal  movement. — It  has  been 
show-n  in  pre<»ding  ch^ters  that  some  parts  ot  the 
earth's  crust  are  being  slowly  uplifted,  while  others  are 
being  depressed.  These  movements  may  cause  a  valley 
to  be  raised  or  lowered  at  one  end  in  such  a  way  that 
the  drainage  of  the  valley  is  impaired  and  it  becomes 
a  lake  basin.  Lakes  Geneva  and  Constance  in  Switier- 
hmd  have  been  formed  in  this  way  by  warping  movemcsts 
of  the  valleys  of  the  Rhine  and  the  Rhone. 

Fractures  sometimfs  occur  in  the  earth's  cnist,  followed 
by  faulting  of  one  side  of  the  broken  strata.  The 
depresBon  that  is  produced  by  these  movements  may 
beeome  the  basin  of  a  kke.  Numerous  baibs  of  this 
character  are  found  in  California.  The  kxig,  deep, 
narrow  lakes  of  Palestine,  known  as  the  Dead  8sa  and 
the  Sea  of  Galilee,  bad  their  origin  in  the  settling  of 
straU  between  two  parallel  fault  pbuMS,  Figure  131. 
These  movoments  usually  take  plaes  stowly,  and  in  humid 
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climates  tho  ol(»vat<»d  margin  ift  usually  eroded  so  rapidly 
that  a  lake  ba^in  is  not  formed.  It  is  for  this  reason  that 
lakes  of  this  kind  are  almost  entirely  limited  to  arid  lands. 
More  rapid  crustal  movements,  accompani<Hi  by 
earthquake  shocks,  have  caused  the  depression  of  surfaces 
and  converted  them  into  lake  basins.  In  1811,  during 
an  earthquake  in  the  Miasiflsippi  Valley,  a  forrat-clad 
area  of  120  square  miles  was  depressed  to  form  the  basin 
of  Reelfoot  Lake,  Tennessee.  The  trunks  of  the  trees 
of  the  forest  may  still  be  seen  standing  in  the  water  of 
this  lake. 


tii.   102. — CraUjf   Lake.   Orugou 


184.  Lakes  doe  to  volcanic  agencies. —  Lava  flows 
have  sometimes  obstructed  river  valleys  and  turned  them 
into  lake  basins.  In  Iceland,  in  1783,  lava  to  a  depth  of 
several  hundred  feet  flowed  across  the  course  of  a  stream 
occupying  a  broad  valley,  and  the  waters  rose,  forming  a 
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lak.  w  hi(  h  romplcHy  inundated  the  valley  and  destroyed 
eiviTal  viUagi«. 

Crater  Lake,  Oregon,  is  an  almost  circular  lake,  having 
an  area  of  approximately  twenty-five  square  miles  and  a 
depth  of  nearly  2,000  feet.  It  occupies  the  depression 
made  by  the  falling  in  of  the  bott<Hn  of  the  crater  of 
an  ancient  volcano.  The  rim  of  the  crater  encircles  the 
water  and  rises  almost  vertically  above  it  to  heights 
varying  from  900  to  2,200  feet.  It  is  classed  among  the 
natunil  wonders  of  the  world  (Rg.  102). 

185.  Lakes  due  to  glacial  agencies. — Glacial  action 
has  su  widely  interfered  with  normal  drainage  that  it 
has  probably  given  rise  to  a  greater  number  of  lake  baons 
than  any  other  agency. 

Glaciers  that  flow  through  mountain  valleya  sometimes 
cross  the  courses  of  streams,  and  so  obstruct  the  waters 
that  the  valleys  of  these  streams  arc  turned  into  lake 
>>:t-in8.  An  interesting  example  of  this  is  found  in  the 
Stikine  Valley,  in  northern  British  Columbia.  Here  a 
luki*  which  receives  the  drainage  of  several  glaciers  is 
held  within  a  valley  about  one  mile  wide  by  the  Dirt 
Cilacier,  which  U  moving  across  the  entrance  to  the  valley. 
The  outlet  of  the  lake  is  through  a  tunnel  in  the  ice. 
Sometime»(  this  tunnel  is  suddenly  enlarged  and  the  lake 
bani  is  emptied. 

Numerous  lakes  have  been  formed  by  the  choking  of 
the  valleys  of  streams  by  glacial  drift.  This  obstructkn 
of  preid"'  '-ys  by  deposits  of  drift  was  one  of  tlw 

causes  cuui:.  ^  ug  to  the  origin  of  the  Great  Lakes. 

When  ^aders  mdt,  the  water  that  is  formed  is  some- 
timcs  imprisoned  between  the  end  of  the  f^acirr  .and  a 
height  of  hukd,  and  thus  a  lake  is  fonned  within  this 
basin.  The  fascial  lakes,  Agassis  and  Ojibway,  whidi 
are  (leHcnU^l  in  Section  275,  were  produced  in  this  way. 
And  many  lakes  of  similar  origin  exist  in  connection  with 
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the  glaciers  of  the  present  age.  Beautiful  Lake  Louise  in 
the  Canadian  Rockies  has  such  a  basin,  the  narrow  outlet 
of  which  has  a  dam  of  glacial  drift. 

In  the  Canadian  Shield  there  are  thousands  of  small 
lakes  the  solid  rock  basins  of  which  wore  scooped  out 


Courtesy  oj  Royal  Canadian  Air  Forct 
Fit.  103.— Lake  Louiae 

by  glaciers  during  the  Glacial  Period.  Not  only  was  the 
loose  soil  removed  by  these  gigantic  scrapers,  but  even 
the  hardest  rocks  were  abraded  by  sand  and  rock  frag- 
ments contained  in  the  moving  ice  until  the  furrows  were 
made  smooth  and  deep. 

The  so-called  pit  lakes  are  among  the  most  interesting 
varieties  of  glacial  lakes.  These  have  deep  walls  and 
are  surrounded  by  level  plains.  During  the  glacial  age, 
thick  masses  of  ice  were  buried  beneath  sand  and  silt 
distributed  by  glacial  streams.  When  this  ice  melted, 
deep  pits  filled  with  water  were  left. 
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186.  Lakct  are  JMboycd  during  df amage  development. 
— Lakes  arc  tranntoiy  fraturt's  and  arr  continually 
under  the  attacks  of  forces  that  are  labouring  to  improve 
drainage  systems. 


-  «/  .Mum. 


Kt«.  io«  — Boad  Lata,  OnUrto 


The  sediment-laden  waten  that  pour  into  a  lake  drop 
their  loads  upon  nungttng  with  the  standing  water,  and 
the  lake  basiii  is  gradually  filled  with  these  deposits,  to 
which  is  added  the  detritus  eroded  from  the  shores  by 
wave  artioo,  tofsther  with  the  rmains  of  aquatic  plants. 
>Miile  these  ehaiifM  are  foing  on  within  the  lake  itself, 
the  outlet  stream  is  cagited  in  sinking  its  channel  deepv, 
SBd  thus  the  surface  level  of  the  lake  is  gradually  kmersd. 

187.  The  origin  of  salt  lakcSi— In  arid  regiooa,  the 
amount  of  water  that  is  evaporated  from  a  lake  may 
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80  far  exceed  the  quantity  that  is  supplied  to  it,  that 
the  level  of  the  lake  is  finally  brought  Ix'Iow  that  of  ita 
outlet.  Such  a  lake,  in  the  course  of  time,  l)ecome8  a 
salt  lake,  because  the  saline  matter  carried  into  it  does 
not  pass  off  by  evaporation. 

The  history  of  Great  Salt  Lake,  Utah,  may  be  cited  in 
illustration  of  these  changes.  This  lake,  which  at  present 
has  an  area  of  only  2,200  square  miles  and  a  maximum 
depth  of  forty-six  feet,  is  the  remnant  of  a  great  lake 
known  to  geologists  as  Lake  Bonneville.  Distinct  beach 
terraces  show  that  the  ancient  lake  had  an  area  as  great 
as  that  of  the  present  Lake  Huron,  and  had,  in  some 
places,  a  depth  of  more  than  1,000  feet.  Its  waters 
were  then  fresh,  and  it  had  an  outlet  by  the  Snake  River 
to  the  Columbia.  A  decrease  in  the  amount  of  rainfall 
over  its  basin  caused  a  gradual  reduction  in  the  volume 
of  its  waters.  After  the  surface  had  sunk  below  the 
level  of  the  outlet,  the  water  of  the  lake  U'gan  to  grow 
saline,  and,  in  its  present  state,  contains  such  large 
proportions  of  common  salt,  gypsum,  sulphate  of  soda, 
and  other  chemicals,  that  it  is  very  salty  and  bitter. 

The  Great  Desert  of  Gobi,  in  China,  is  the  bed  of  an 
ancient  salt  lake.     Only  here  and  there  can  a  vestige  of 
the  waters  of  this  old  lake  be  found,  in  the  form  of  a 
small  salt  pond  or  marsh. 

Practical  Exercises 

Examine  the  dried-up  beds  of  pools  that  covered  parts 
of  a  grassy  field.  Find  a  reason  why  lakes  are  gradually 
converted  into  marshes  and  plains. 


CHAPTER  XV 
GLACIERS 

PRELnnNARY  EXPERIMENTAL  WORK 

The  effect  of  change  of  temperature  upon  the  dentity  of  water. 

Fill  the  cylindrical  vessel  of  a  Hope's  apparatus  with 
water  cooled  by  the  addition  of  snow  to  a  temperature  of 
about  S^^C.  Fill  the  surrouDding  chamber  with  a  mix- 
ture of  8DOW  or  chopped  ice  and  one  part  of  salt.  Read 
the  upper  and  the  lower  thermometer  every  two  or  three 
minutes  until  one  of  them  repsten  lero,  adding  more  of 
the  freezinR  mixture,  as  needed.  Since  the  densest  water 
is  alwa\*s  at  the  bottom,  determine  at  what  temperature 
water  is  denj^-st.  Alternative  method — By  the  addition 
of  ice  or  snow,  cool  water  in  the  cylindrical  veasel  until  it 
is  at  O'^C.  throu^KNit  the  liquid.  Remove  any  excees 
ice  or  snow.  Read  every  two  minutes  the  temperatures 
of  the  upper  and  the  lower  thermometers. 

loB  IN  Lakss  and  Rivxbs 

188.  The  pushing:  action  of  kc— In  autumn,  as  the 
wenther  becomes  colder,  the  temperature  of  the  water 
in  rivers  and  lakes  gradually  approaches  the  freesing- 
prMnt.  As  has  been  shown  in  the  experiment  above, 
r  is  dowest  at  a  temperature  of  39.2*F.  or  4*C..  and 
r.>  iite  warmest  water  o(  a  Uke  or  a  pond  remains  at  the 
surface  until  this  temperature  is  reached.  As  soon, 
however,  as  the  surface  water  is  cooled  to  this 
degree,  it  sinks  to  the  bottom.    This  process  continues 
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until  the  temperature  throughout  the  whole  mam  is 
39.2*^.  The  temperature  of  the  top  layer  now  drope  to 
the  freezing-point,  while  the  lower,  heavier  water  at  the 
bottom  remains  at  39.2^F.  Accordingly,  the  surfaces  of 
small  lakes  and  ponds  freeze  over  readily,  and,  if  the 
water  is  only  a  foot  or  two  deep,  they  may  freeze  to  the 
bottom.  Large  lakes  in  temperate  regions,  however, 
rarely  freeze  over,  for  such  large  Ixxiies  of  water  have 
absorbed  so  much  heat  during  the  summer  that  all  the 
water  in  them  does  not  fall  to  39.2**F.  during  the 
winter.  Near  the  margin,  where  the  water  is  shallow,  it 
is  possible  for  the  water  right  to  the  bottom  to  cool  to 
39.2**F.,  and  then  the  temperature  of  the  surface  water 
rapidly  falls  to  the  freezing-point  and  a  layer  of  ice 
forms.  The  constant  wave  motion  on  large  Ixxiies  of 
water  also  helps,  by  breaking  up  the  ice  as  quickly  as  it 
forms,  to  prevent  the  water  from  freezing  over. 

The  ice  on  lakes  and  rivers  in  southern  Canada  seldom 
attains  a  thickness  of  more  than  one  or  two  feet.  Ice, 
like  most  solids,  contracts  when  its  temperature  falls 
and  expands  when  its  temperature  rises.  If  very  cold 
weather  occurs  after  a  lake  or  a  river  has  frozen  over, 
the  ice  contracts.  As  a  result  of  the  contraction,  either 
great  cracks  are  formed  in  the  ice  or  it  pulls  away  from 
the  shore.  The  formation  of  these  cracks  is  accom- 
panied by  loud  noises.  Water  from  below  wells  up  in  the 
cracks  or  between  the  ice  and  the  shore  and  freezes  there. 
Consequently,  when  the  temperature  rises  and  the  ice 
expands,  it  either  bulges  up,  or  more  frequently  pushes  its 
edges  up  on  the  beach.  Any  stones  that  are  on  the  shore 
or  that  are  frozen  into  the  ice  near  the  margin  are  pushed 
higher  up  on  the  shore.  As  this  alternate  contraction 
and  expansion  of  the  ice  may  continue  all  winter,  in  time 
a  ridge  of  boulders,  called  a  shore  tocUl  or  ice  rampart,  is 
formed  a  little  distance  back  from  the  margin  of  the  lake 
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or  the  river  (Fig.  lOS).  Such  ridges  of  stonefl  may  be  seen 
along  the  St.  I^awnnce  River  and  around  many  <^  the 
amailer  Canadian  lakes. 


C»tiTUtf  0f  Ikt  Witcmum  Atadtmy  </  Stmum 

X  or  to*  rmmput.  lAk»  M«Bdou.  Wtwoosin 

It  has  just  beok  sUted  that  the 

the  freeiint-point  socaier  than  the 

the  bottom.    Under  certain  conditJons  there 

le  peculiar  phenomenon  of  ice  forming  at  the 

•f  a  stream  while  none  is  formed  at  the  surface. 

>  ice    forms  on  boulden  or  pebbles  and  is  called 

V  or  andior'iet.      Vnitmat  BanMs  of  McOtU 

'y  has  made  a  special  study  of  the  fonnatioo 

uch  ice.    It  frequently  forms  in  streams  with  a  rapid 

-'■nt  if  the  water  is  dear  and  shallow.    It  will  not 

a  if  the  bed  of  the  strenm  is  shaded,  as  by  a  bridfs  or  A 
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surface  layer  of  ice.  It  forms  most  readily  on  <lark 
stones  and  usually  coUecte  on  the  pebbles  or  boulders 
during  the  night.  It  is  a  slushy,  flocculent  ice  (Latin- 
ftorniji,  a  lock  of  wool),  which,  if  formed  in  large  enough 
quantities  on  pebbles,  may  lift  them  to  the  surface  and 
transport  them  down  stream.  On  the  bed  of  I^ke  Erie 
there  is  much  gravel  that  has  probably  been  transported 
in  this  manner. 

The  formation  of  ground-ice  is  pnibably  due  to  the 
rapid  radiation  of  heat  from  the  boulders  in  the  bed  of 
the  stream.  In  a  clear,  unshaded  stream  these  stones, 
especially  if  of  a  dark  colour,  radiate  their  heat  rapidly 
at  night  and  cool  below  32®F.  Then  the  thin  layer  of 
water  in  contact  with  them  freezes.  During  the  day  the 
stones  are  warmed  by  the  sun's  rays,  and  the  ground  ice 
is  loosened  and  rises  to  the  surface. 

Glaciers 

190.  Snow-ficlds. — In  southern  Canada  all  the  snow 
that  falls  during  the  winter  is  usually  melted  by  April, 
though  in  deeply  shaded  places  some  may  linger  until 
May.  If  the  amount  of  snow  that  falls  during  the  winter 
were  to  increase,  or  if  the  temperatures  of  spring  and 
summer  were  lower,  the  snow  would  not  disappear  until 
later  and  might  remain  even  to  June  or  to  July. 
Imagine  the  snowfall  still  further  to  increase,  and  the 
summers  to  become  still  cooler  and  shorter.  Finally,  a 
condition  would  be  reached  in  which  all  the  snow  of 
the  last  winter  would  not  be  melted  when  the  first 
snowfall  of  autumn  occurred.  At  the  end  of  the  next 
summer  there  would  be  not  only  the  residue  of  the  last 
\*Tnter's  snow,  but  also  the  residue  left  from  the  winter 
before.  Evidently,  as  time  went  on,  the  accumulation 
of  snow  would  become  very  great. 


GLACIERS 


241 


The  conditions  just  describod  are  found  on  many 
mountains.  The  greater  the  altitude  of  a  mountain,  up 
to  a  certain  limit,  the  more  abimdant  is  the  snowfall, 
and  the  shorter  and  cooler  is  the  simmier.  Above  a 
certain  height  aa  such  mountains  there  will  be  snow 
throughout  the  year.  This  lower  boimdary  of  the  snow 
b  callni  the  $now-tiM,  and  the  accumulation  of  snow 
is  calletl  the  mnw-firid.  At  the  equator  the  snow-line  is 
ver>'  high,  but  as  the  latitude  increases,  the  altitude  of 
the  snow-line  decreases,  imtil  within  the  Arctic  and 
Antarctic  regions  it  reaches  sea-level.  The  following 
table  gives  the  height  of  the  snow-line  in  various  parts 
of  the  world: 


Latitude 

Place 

Height  ' 
in  feet 

80»  -  7a»  N. 

Franz  Joaeph  Land 

1.000 

70* -60^ 
60  -.'V0» 
50--40" 
40»-:w» 

lo^nd. 

Coast  of  Alaiika.. 

Briti\».  r,.li,rnbia 

A>i       ■              

1.800 

2.500 

4.000 

11.000 

30»-20» 

8oi;                  :::n&lava!( 

in.ooo 

20"  -  ia»» 

10»-    0" 

0»  -  10»»  8. 
10»-2t)» 
20»-3O» 

ao»-4o»» 

40»-.'iO- 
50»-flO» 
60^-  70» 

Colawbta... 
Venezuela — 

Equator 

Nrv,   f    ■■    - 

B..I 
No' 

r. 

8«»'r 

Strait  ftt  Mai;>  liiiii 

Antan'tica 

1  l.tniO 

14.000 
16.000 

l^ooo 

5.000 

2jm 

l.flOO 
8ea-lev«l 

Above  the  snow-line  there  is  an  accumulation  of  snow. 
The  pressure  dtie  to  its  weight  gradually  foroea  the  lower 
ports  of  snow-fiekb  of  mountains  so  that  they  extotd  aa 
tongues  down  the  vallesrs,  frequently  reaching  points  far 
below  the  snow-Une.    Tbeee  tongiiet  are  called  glaeitn. 

191.  Kindt  of  efaden.— ^^treame  of  ioe  which  extend 
into  vaileyii  unci  inive  their  foureea  b  the  aioir-deldi  above 
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Fig.  lOO.o-'MecUal  moraine  of  Uie  Aietacti  Glacier.  Swlucrland 
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are  called  rnllnj  glatien  (Fig.  106).     Many  of  these  are 
found  in  the  Selkirk  Mountains  of  British  Columbia. 


n«   I07.— Modal  or  Y»kuuu  BMr  aad  N 

If  a  number  of  glaeiert,  movinK 
all  enter  a  plain,  they  may  ipraB' 
single  flat  maa  of  ice.     Soeh  a  m. 


.lUeya, 

-v-1  a 
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glacier  (French-  pied,  foot,  mont,  mountain,  at  the  foot  of 
the  mountain).  Many  such  glaciers  are  found  in  Alaska 
(Fig.  107). 

Almost  the  whole  of  Greenland  is  above  the  snow- 
line. Accordingly,  over  nearly  it«  whole  surface  is  a 
great  snow-field,  the  margins  of  which  are  pusluni  out  in 
every  direction.  Such-  a  mass  of  ice,  originating,  not 
on  a  mountain,  but  over  a  flat  area,  whether  a  plain  or 
a  plateau,  is  called  an  ice-cap.  If  ver>'  large,  it  is  called 
a  continental  ylacier.  A  continental  glacier  covers 
Antarctica — a  continent  larger  than  Europe.  A  similar 
continental  glacier  once  covered  almost  all  Canada  and 
the  northern  part  of  the  United  States. 

192.  Valley  glaciers. — A  valley  glacier  is  composed 
largely  of  ice  and  snow.  The  snow  usually  forms  only  a 
thin  layer  over  the  surface  of  the  ice,  but  as  one  follows 
the  glacier  back  to  the  snow-fields,  the  snow  becomes 
deeper.  The  ice  comjxwing  a  glacier  is  different  in 
appearance  and  structure  from  ice  formed  by  the  frt»ezing 
of  water.  It  has  a  distinctly  granular  structure,  the 
granules  being  sometimes  as  large  as  walnuts.  The 
surface  of  a  glacier  slopes  downward.  A  cross-section 
of  a  glacier  shows  a  convex  surface,  the  curvature 
being  greatest  toward  the  sides.  Across  the  glacier 
are  great  fissures,  called  creraMfCs  (Fig.  108).  They  are 
caused  by  the  cracking  of  the  ice  as  it  turns  laterally 
around  curves  or  flows  over  an  archcnl  surface.  Crevasses 
may  be  very  wide  at  the  top,  and  sometimes  extend  several 
hundred  feet  downward  into  the  glacier.  They  form  great 
obetacles  to  mountain  climl^ers,  and  are  very  treacherous 
«rhen  covered  by  a  recent  fall  of  snow.  The  glacier  is 
widest  high  up  in  the  valley  and  narrows  steadily  toward 
its  lower  end.  Valley  glaciers  vary  greatly  in  size. 
The  average  length  of  the  Alpine  glaciers  is  not  more 
than  four  or  five  miles,  the  largest  being  about  ten  miles 
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lonj?  aiul  a  little  over  a  mile  wide.  The  ice  w  often  from 
MM)  to  1,2<M)  f«vt  thick.  The  glaciers  of  the  Canadian 
Selkirk^  ar»>  of  :ilx)ut  the  same  sise  as  thoee  of  the  Alpe, 
hut  those  of  the  Caucasus,  the  Himalayas,  the  Southern 


Fi«.  lOH. — Tbe  pUtdU  ot  Um  GUcioc  dot  Ooamuoit.  Alpa 

Andes,  and  Alaska  are  much  larger,  some  in  Ahuska 
tteing  over  fifty  miles  long. 

193.  The  movements  of  glaciers.— If  a  row  of  stakes 
is  placed  acroas  a  Racier,  it  will  l)e  found  in  time  that 
the  whole  row  has  moved  downward,  and  it  will  also  be 
observed  that  the  stakes  near  the  middle  of  tbe  (lacier 
have  moved  much  farther  than  those  near  the  mar|^ 
The  rate  at  which  a  glacier  moves  do^-n  through  a  valley 
u»  very  slow.  One  foot  a  day  is  an  averafe  rate,  although 
some  move  much  faster.  It  is  reported  that  certam 
( in-^^nland  leaders  move  as  much  as  fifty  feet  a  day,  but 
this  is  a  very  ffKDCiplkwial  rate.  The  sides  and  the  bottom, 
which  are  unpeded  by  frietion  with  the  soU  and  rocks  that 
they  are  in  contact  with,  move  much  more  skmly  than 
the  more  central  parts.  The  exact  nature  of  the  more- 
ment  Ia  not  fully  understood.    Undoubtedly  gravity  and 
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the  preesure  due  to  the  weight  of  the  snow  and  ice  are  the 
moving  forces.  Three  factors  probably  contribute  to  the 
motion.  First,  the  weight  of  the  ice  above  causes  the  ice 
at  the  bottom,  which  is  in  contact  \\ith  the  soil  and  the 
rocks,  to  melt,  as  there  the  pressure  is  greatest.  This  melted 
ice  acts  as  a  lubricant  where  a  lubricant  is  most  needed, 
namely,  at  the  points  of  greatest  resistance  to  motion. 


C«urU*y  oj  Ikt  Otpartment  of  tkt  Intniai,  Ollaua 
Fig.  100. — Oladcr  in  Selkirk  Mts..  with  medial  moraine 

C!onsequently,  the  ice  slides  over  the  surface.  Secondly, 
water  formed  by  the  melting  of  the  ice  flows  into  fissures 
and  at  night  freezes.  In  freezing  it  expands,  thus  causing 
a  slight  movement  forward.  As  there  is  much  melting 
and  freezing,  this  must  be  a  potent  cause  of  movement. 
Thirdly,  the  ice  is  granular,  and  so  it  is  quite  possible 
that  a  strong,  steady  pressure  may  produce  a  certain 
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amount  of  sliciing  among  the  granules,  and  on  account 
of  this  motion  the  ice  acts  like  a  plastic  mass,  such  as 
pitch.  This  is  probably  the  reason  why  the  glacier  fits 
itself  into  all  forms  of  valleys;  for  where  a  valley  widens, 
the  glacier  spreads  out  like  a  river,  and  again  contracts 
when  the  valley  diminishes  in  width. 

194.  Moraines. — As  the  glacier  moves  down,  much 
rock,  8<.)il,  jinil  other  debris  from  the  sides  and  the  bottom 
of  the  valley  move  down  with  it.  Soil  and  rocks  roll 
down  frcHn  the  overhanging  sides  of  the  valley  and  form 
two  lines  along  its  marfpns.  These  are  called  lateral 
mnrninea  (Fig.  106).  Where  two  glaciers  unite,  the  right 
lateral  moraine  of  one  and  the  left  lateral  moraine  of  the 
other  unite  to  fonn  a  medial  moraine  (Fig.  109).  Where 
there  have    Ixkti  several  unions,  a  number    of   medial 


I  nif'ia',  i/Haitw 


Pis.  110 


klHcMls. 


moraines  may  be  pres>i  •  shows  a  Swi« 

gUcier  with  a  number  of  medial  moraineB.    Large  quan- 
tities of  debris,  due  to  soil  and  bouldcn  fraeiiiig  into  th« 
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bottom  of  the  glacier,  are  carried  along  by  it.  This 
material  is  called  the  boUom  moraine  (Fig.  110).  The 
material  of  all  these  moraines  finally  reaches  the  lower 
end  of  the  glacier,  and,  as  the  ice  melts,  it  is  there 


1 

!, 

1 

.       ill 

i- 
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Fig.   111. — Glacial  acratcbea 

deposited  in  a  great  mass  composed  of  material  of  all 
sizes,  forming  a  heterc^eneous  mixture.  This  is  called 
the  terminal  moraine  (Fig.  110).  Dejxeits  like  these, 
which  are  formed  by  deposition  from  a  glacier,  are  called 
tiUf  or  boulder  clay.     As  there  is  no  sorting  of  material 


GLACIERS 


249 


and  no  deposition  in  layers,  till  is  quite  different  in 

-I J.  fj^jpj  ^  deposits  from  running  water.     From 

of  a  g^buner  iflsues  a  stream  of  water  (Fig.  110). 
It  may  carry  away  much  of  the  finer  materials  of  the 
terminal  moraine  and  deposit  them  farther  don^n  the 
valley.  Such  deposits,  called  flurto-gladal  deposit^;,  are 
usually  coarsely  stratified,  and  the  layers  are  often  uneven 
and  irrcjcular. 

195.  The  work  of  glacien.— Ice  rubbing  against  solid 
rock  produces  little  effect,  as  rock  b  much  harder  than 
ice.  The  stones, 
gravel,  and  sand 
that  [are  gathered 
from  the  bottom 
of  a  glacial  valley 
become  frozen  into 
the  bottom  of  the 
ice,  and  are  tools 
of  great  power  in 
the  hand  of  the 
glacier.  As  the 
glacier  moves  down 
the  valley,  these 
1      '  '      •  -rd 
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erode, and  grind  the  underl>nng  rocks  (Fig.  ill),  and  are 
themsdves  worn  and  scratched.  By  this  means  the  skies 
and  the  bottom  of  the  valley  are  deepened,  and  if  the 
process  continues  for  thousands  of  years,  the  deepening 
may  be  very  great.  Wliile  a  non-glaciated  vallt>>'  is 
I'-^haped,  a  glaciated  valley  is  T'^shaped  (Fig.  112). 
Where  th<rn  is  a  central  valley  with  Uiteral  branches 
o]Mv  'i  have  all  been  <»■  ''y  glaciers, 

a  \M'. ;  .„;4,..v.w;.  luay  be  produced.  »'^»  v.iH.v 
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will  bo  prodod  and  made  T'-shapod,  tho  central  valley, 
since  it  has  much  the  larger  glwier,  will  l)e  enxled  much 
more  deeply  than  the  lateral  valleys.  When  the  glaciers 
all  disappear,  there  will  l)e  exposed  a  ver>'  deep,  central 
r-«haped  valley,  with  more  shallow  lat<'ral  valleys,  the 
mouths  of  which  open  out  on  the  main  valley,  not  at  the 
bottom,  but  high  up  on  the  sides.  The  mouths  of  some 
such  lateral  valleys  are  a  thousand  feet  alwve  the  bottom 
of  the  main  valley.  Such  lateral  valleys  are  called  hanging 
valleys  (Fig.  112).  River-worn  lat<'ral  valleys  in  similar 
situations  do  not  open  out  on  the  main  valley  in  this  waj'. 

Rocky  projections  are  rounded  and  smoothed  by 
glaciers,  and  their  surfaces  arc  scratched,  the  scratches 
running  in  one  dominant  direction.  The  stones  in  the 
bottom  of  glaciers,  which  act  as  its  eroding  tools,  are 
themselves  eroded  and  scratched.  Where  the  scratches 
are  very  fine,  the  stone  is  polished.  Such  stones  usually 
have  several  flattish  faces,  which  are  scratched.  Conse- 
quently, their  appearance  is  (\\x\ie  different  from  the 
smooth,  regularlj'  curved,  water-worn  pebbles,  which 
are  found  along  the  margins  of  lakes  or  seas  (Fig.  113). 

Where  a  valley  glacier  finally  melts,  its  terminal  mor- 
aine may  form  a  ridge  across  the  lower  end  of  the 
valley,  and  this  acts  as  a  dam  behind  which  a  lake  forms. 
Ponds  and  small  lakes  may  also  be  formed  in  hollows 
that  have  been  scooped  out  by  the  ice. 

196.  Iceberg — The  continental  glacier  of  Antarctica, 
the  ice-cap  of  Greenland,  and  certain  of  the  valley  glaciers 
of  Alaska  and  Norway  extend  right  to  the  sea.  In  such 
cases  the  ice  forming  the  extremity  of  the  glacier  is  pushed 
forward  gradually  into  the  water.  The  buoyancy  of  the 
water  exerts  an  upward  pressure  upon  the  end  of  the 
glacier,  and  so  huge  masses  of  ice  are  broken  off  and 
float  away.  Such  floating  masses  of  ice  broken  from  the 
ends  of  glaciers  are  called  icebergs. 
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The  icebergs  coming  from  the  glaciers  of  Alaska  and 
Norway  are  comparatively  small  and  usually  melt  away 
before  they  drift  far  from  their  point  of  origin.  The 
icel>erKs  from  the  glaciers  of  GreenUmd  are  often  of  huge 
size.  U'ing  in  some  ciim's  a  mile  across  and  fifteen  hundred 
feet  thick.  Many  of  these  icelxTgs,  liefore  they  melt, 
arc  c:uTietl  southward  by  ocean  currents  as  far  as  the 
banks  of  Newfoundland.  They  are  a  very  real  menace 
to  trans-Atlantic  sliipping,  and  terrible  disasters  have 
rf-uit«d  from  sliips  coming  into  collision  with  icebergs 
in  f«>>juy  weathfT.  In  1912,  the  rj/awtc  struck  an  ice- 
berg; near  ('a{)e  Kace,  and  of  2201  people  on  board,  only 
712  were  sjivcil.  The  icebergs  from  the  continental 
:'  ■  -  of  Antari  t  ica  are  the  largest  of  all,  being  occasion- 
miles  across.   They  are  usually  tabular  in  shape. 

I       <  r^s  carry  with  them  the  Iwulders,  pebbles,  and 


^^--i_  -^r^ 
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pulveriied  rock  which  their  parent  leaden  briiit.^ 

to  the  Bca.    When  the  icebergs  melt,  these  materials 

drop  to  the  bottom  of  the  ocean.    Qlacul  boulders  which 
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have  been  trans|>ortod  in  this  fashion  have  frequently 
been  brought  up  in  dredging  operations  in  the  North 
Atlantic  Ocean. 

QUESTIONS 

1.  The  mow-line  on  the  south  side  of  th«  HimalajM  ii 
much  lower  than  on  the  north  side.    Why  is  this  to  f 

2.  If  a  valley  glacier  descended  into  the  sea,  tell  what 
would  become  of  the  terminal  ice. 

3.  In  what  part  of  the  world  would  be  found  glaciers  extend- 
ing down  to  the  sea  ? 

4.  Can  large  boulders  be  transported  from  their  place  of 
origin  by  any  other  agents  than  ice  ?    Explain. 

5.  A  glacier  sometimes  has  longitudinal  crevasses.  Tell  how 
these  may  be  formed. 

6.  The  water  in  a  glacial  stream,  such  as  the  Rhone,  is 
sometimes  milky  in  appearance,  owing  to  the  ver>'  finely  di\ided 
sediment  it  contains.  What  u  the  probable  origin  of  this 
sediment  7 

7.  The  stream  flowing  from  the  base  of  a  ^aeier  may  be  a 
rushing  torrent  late  in  the  afternoon,  and  at  the  following  sunrise 
the  channel  may  be  almost  dry.    Explain. 
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Forms  and  Aobnciss 

197.  Varieties  of  coastal  forms.— No  greater  variety  of 
fonn  is  preM'nicd  by  any  earth  features  than  is  to  be 
t  .  ntl  in  the  diversities  of  coast-lines.  To  the  query, 
whence  come  these  countless  forms,  the  most  direct 
answer  is  that  they  are  the  products  of  the  agencies  that 
oixTate  in  the  most  clmngeable  and  changing  line  of  the 
earth — the  line  in  which  the  sea  and  the  land  meet. 
Among  the  agencies  that  modify  shorelines,  the  most 
iuijM>rtant  are  crustal  movements,  wave  erooon,  and 
sedimentation. 

Crustal  Movkmbkts 

198.  Evidences  of  ekvatkm  and  tufasldence.— If  the 
level  of  the  sea  is  taken  as  a  standard,  we  shall  find  that 
every  ooast-Une  bears  marks  of  alterations  in  its  altitude. 

The  eastern  coast  of  Canada  has  many  features  which 
indicate  a  substdenoe  of  several  hundred  feet  within 
••omparatively   reent   geok)gkaI   tune.    Thus   the   old 

<  hannel  of  the  8t  Lawrence  can  be  traced  south-eastward 
by  soundinffB  across  the  bed  of  the  present  Gulf  of  St 
l4iwraiee  and  out  to  the  Atlantle  betwMB  the  islands  of 

<  'ap(>  Breton  and  Newfoundland. 

M<jog  the  clUTs  that  form  the  eastern  coasta  of  the 
>  ttirii  HighUnds  are  boriaontal  temefa,  parallel  to 
one  another  and  at  different  elevations  above  the  sea. 
TheM  terraces  are  oovered  wHh  sand,  pebbiea,  and  marine 

268 
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shells.  Behind  them  the  cliffs  are  notched  or  hollowed 
into  caves  similar  to  those  car\'ed  into  cliffs  by  wav«"s. 
The  terraces  are  manifestly  old  sea  beaches,  and  their 
present  position  indicates  either  that  the  land  has  risen 
or  that  the  sea  has  sunk.  Otlur  phenomena  go  to 
show  that  the  land  of  these  regions  is  gradually  rising. 
Figure  114  shows  a  similar  terrace  in  Alaj^ka. 


CoutUsy  oj  Henty  Holt  &  Company 
Pig.  114. — A  wave-cut  terrace.  Alaska 

An  interesting  example  of  alterations  in  coastal  level 
which  have  stamped  their  records  upon  structures  raised 
by  man,  is  found  uix)n  the  shores  of  the  Bay  of  Naples. 
Here  in  Roman  days  the  temple  of  Jupiter  Serapis  was 
built  upon  a  terrace  several  feet  alx>ve  the  waters  of  the 
bay  (Fig.  115).  Three  marble  columns  of  the  temple 
are  still  standing,  but  portions  of  their  once  smoothly 
polished  surfaces  have  been  roughened  by  the  borings  of  a 
mollusc  that  works  only  under  water.  These  borings 
extend  upward  for  a  height  of  nine  feet  from  a  line  twelve 
feet  above  the  level  of  the  base  of  the  column.  In  this  way 
is  recorded  the  subsidence  of  the  temple  to  a  depth  of  at 
least  twenty-one  feet  below  its  original  level,  and  its 
subsequent  elevation  to  its  present  height  above  the 
sea.    The  absence  of  borings  from  the  lower  twelve  feet 
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of  earh  column  is  probabl}'  due  to  the  fart  that  these 
portions  were  buried  in  mud,  which  served  to  protect 
them  from  the  mollusc. 

199.  The  depression  of  lands  of  strong:  tclief.— The 
sulisidence  of  lands  of  bold  relief  pves  rise  to  coast-lines 
of   marked    irregularity.     The   shores   of   north-western 
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Fis.  lift.— CotmiiiM  or  Uiontlasd  uapto  oT  JoptMr  8«apfa.  aav  Kapha 

Europe  and  those  of  Canada  are  examples  of  ooast-lines 
that  were  produced  by  the  depresaon  of  areas  of  bold 
relief.  The  elevated  parts  reiDain  unsufameised  and 
eoostitute  the  long  narrow  peninsulas  and  numerous 
islands,  while  the  valleys  that  had  been  eroded  by  streams 
and  glacierB  are  now  buried  beneath  the  sea  and  fonn 
the  beds  of  channels  and  fiords. 

The  settling  of  the  PAetfie  ooast  of  Canada  by  the 
submeisence  of  a  long  narrow  valley  that  lay  between 
the  present  Coast  Range  and  the  mountains  that  now 
run  through  Vancouver  Island,  produced  the  Sinut  of 
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CSeorgia.  The  hiRher  portions  rise  above  the  waters  as 
islands.  Farther  north  are  many  islands,  channels,  and 
jBords,  similar  to  those  of  Norway.  Like  the  latter, 
these  are  due  to  the  subsidence  of  a  coast-land  which 
had  once  been  eroded  by  glaciers  and  streams. 

2CX).  The  depression  of  areas  of  low  relief. — If  the 
depressed  area  is  one  having  no  lofty  mountains  and 
plateaus  and  deep  valleys,  the  resulting  coast-line  will 
contain  no  prominent  indentations,  but  ^ill  be  charac- 
terized by  long,  winding  curves  and  flat  or  gently  shelving 
shores.  These  shores  will,  in  many  instances,  be  covered 
with  water  at  high  tide,  and  salt-marshes  and  mud  flats 
will  be  common  features.  Afuch  of  the  coast  of  the 
south  of  England  is  of  this  character. 

201 .  Shorc-Uncs  due  to  elevation. — In  the  chapter  on 
rivers  and  also  in  that  on  erosion,  it  is  pointed  out  that 
large  quantities  of  sediment  are  being  continualh'  carried 
into  the  sea  by  streanxs.  In  some  instances  this  sediment 
is  *deix)sited  at  or  near  the  mouth  of  the  stream,  thus 
forming  deltas  and  off-shore  bars.  In  many  cases, 
however,  it  is  carried  some  distance  out  to  sea  by  tides 
and  currents  and  settles  at  last  over  a  wide  area  of  sea 
floor.  One  effect  of  the  spreading  of  the  .sediment  is  the 
levelling  of  the  bottom  of  the  sea.  Even  such  irEcgular- 
ities  as  drowned  river-valleys,  are,  in  the  course  of  time, 
smoothed  out  by  the  gradual  accumulation  of  sediment. 
During  this  process  no  stream  or  wave  erosion  has  been 
taking  place  on  the  sea-bed,  except  in  shallow  coastal 
waters.  In  consequence  of  these  influences,  the  portion 
of  the  ocean  floor  that  surrounds  the  margin  of  the  land 
areas  is  asually  as  smooth  and  regular  as  a  level  plain. 
When  such  areas  become  elevated  above  sea-level,  they 
constitute  cowital  plains.  The  shore-lines  of  coastal 
plains  are  straight  or  gently  curved,  and  are  devoid  of 
promontories  co*  deep   indentations.     The  shores  slope 
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gradually  beneath  the  aea.  The  low  plains  that  fringe 
the  Atlantic  shores  of  the  eastern  United  States  are 
compoeed  of  sediment  that  was  carried  into  the  sea 
by  numerous  rivers,  distributed  by  waves  and  tides 
and  currents,  and,  after  a  time,  re^levated  by  crustal 
movement  The  coast  of  the  Gulf  of  Mexico  and  the 
eastern  coast  of  Argentina  are  also  composed  of  deposits 
from  rivers.  The  straight  or  gently  curved  and  regular 
coast'Iines,  the  shallow  shore  waters,  and  the  dearth  of 
good  harbours  are  e>'idences  that  these  are  coastal  plains. 

202.  The  rate  of  elevation  and  suUdence.  —  The 
elevation  or  the  depression  of  a  coastal  zone  is,  in 
most  cases,  a  slow  process  which  takes  place  without 
earthquake  shock  or  other  marked  disturbance.  So 
gratlual  is  this  movement  that  it  can  scarcely  be  detected, 
and  rivers  have  time  to  sink  their  channels  into  the 
coastal  plfun  as  rapidly  as  it  is  elevated. 

There  are  instances,  however,  of  the  sudden  uplifting  of 
eoastal  sones.  The  latter  movements  are  due  to  faulting 
and  are  accompanied  by  earthquake  shocks.  In  the 
diapter  on  earthquakes  will  be  described  the  sudden 
upheaval  of  a  part  of  the  coast  of  Alaska  to  a  height  of 
forty-seven  feet  above  its  former  level  (Sec.  261).  Above 
the  beach  terrace  that  was  formed  by  this  uplift,  another 
terrace  rises,  which  is  a  mcmument  to  a  amilar  upheaval 
a  century  eariier.  Almost  the  wh<^  western  oosst  fd 
America  from  California  to  Chile  has  a  distinct  series  of 
such  terraces,  rising  one  above  another  and  dearly  visible 
to  the  voyager  akmg  these  shorat. 

Wave  Erosion 

203.  Waves  alter  Coastal  DetaiL— In  the  sections 
drulitiK  with  the  role  playetl  by  crustal  morements  in 
forming  tdiore-lines,  it  is  sho^^-n  that  the  general  trend  of 
ooast-linss  and  their  deep  indentations,  that  is,  the  ooaii 
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features  that  arc  shotm  on  ordinary  mape,  are  due  to 
elevation  and  depression.  Waves  rannot  cut  such  deep 
indentations  into  even  soft  rock.  It  is  found,  for  in- 
stance, that,  as  the  wave-cut  inlet  advances  inland,  the 
force  of  the  waves  is  more  jind  more  expended  in  friction 
against  the  walls  and  bottom  of  the  indentation,  and 
finally  loses  its  power  to  cut  the  inlet  farther  inland. 
It  sometimes  happens  that,  even  before  this  stage  is 
reached,  the  sediment  cast  up  by  waves  and  carried  by 
currents  is  built  up  as  a  barrier,  protecting  the  shore 
from  erosion. 

204.  How  waves  erode. — The  work  of  the  small  waves 
of  our  inland  lakes,  in  undermining  clay  bnnks  and  in 
hollowing  caves  into  the  rock  cliffs  along  the  shores,  is 
sufficiently  impressive  to  arouse  our  interest.  By  an 
exercise  of  the  imagination,  we  can,  in  a  measure,  com- 
prehend the  eroding  power  of  the  giant  ocean  waxes, 
which  are  frequently  thirty,  and,  occasionally,  fifty  feet 
in  height  and  travel  with  a  velocity  that  sometimes  reaches 
sixty  miles  an  hour.  When  a  wave  moves  toward  a 
shelving  shore,  the  speed  of  its  base  is  retarded  by  friction 
with  the  sea  lx)ttom,  and  the  wave  is  seen  to  grow  narrower 
but  higher,  and  the  upper  part  to  incline  forward,  farther 
and  farther,  until  it  "breaks."  The  "breaker"  may 
reach  a  height  twice  as  great  as  that  of  the  wave,  and, 
when  it  strikes  upon  the  base  of  the  cliff,  it  strikes  with 
the  force  of  an  avalanche.  Such  waves  attack  rocks  in 
several  ways.  W^ater  and  air  are  driven  into  the  grooves 
and  caverns  in  the  rocks  with  the  pressure  of  miniature 
rock  blasts;  pebbles  and  grains  of  sand  are  dashed  against 
the  cliffs  and  bite  into  them  like  chisels;  while  masses  of 
rock  weighing  hundreds  of  pounds  are  hurled  with 
destructive  force  against  the  foot  of  the  cliff  by  the  tum- 
bling waters.  By  these  forces  the  furrows  and  caverns 
are  deepened  until  the  cliffs  are  undermined. 
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205.  Wave  sculpturing.— When  a  ridge  of  rook  projecte 
into  xhr  wa,  it  is  itsually  exposed  to  attacks  from  either 
side,  ai-conliiiK  as  tlio  storm  comes  now  from  this  direction 
an(i  now  from  tlir  opposite.  When  such  exposed  fore- 
lamls  arc  r()rniM»s«<i  of  rot'ks  having  many  joint  planes, 
tlu'  un«-<|ual  rat*  s  *)f  erosion  cause  them  to  be  car>'ed 
int<»  a  great  variety  of  shajK^s.  The  soft  rock,  for  instance, 
may  l)e  eroded  from  lK>th  sides  of  the  foreland  until  an 
nn*h  is  cut  through.  In  other  cases  the  removal  of 
the  softer  rocks  leaves  the  harder  maasee  projecting  in 


Fis.  iia.— A 
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of  rtK-k  removal,  and  thcae  rocks 

columns  or  stack*  (Fig.  116). 
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In  the  pourso  of  time  even  the  hardest  rocks  must 
disappear  as  a  result  of  the  attacks  of  waves,  and  so 
we  recognize  in  wave  eroaon  another  agency  whoee 
final  effect  is  the  straightening  of  shore-lines. 

206.  Sea  caverns. — The  most  favourable  condition  for 
the  formation  of  caverns  is  a  stratum  of  soft  rock  at  sea- 
level,  overlaid  by  layers  of  massive  unjointed  rock.  The 
cave  is  hollowed  out  of  the  soft  rock  by  wave  erosion, 
and  the  overlying  unjointed  rock  remains  to  form  the 
roof. 

When  the  sea  at  high  tide  closes  the  mouth  of  a  cave, 
the  rise  and  fall  of  waves  may  cause  such  great  changes 
in  the  pressure  of  the  air  imprisoned  xsithin  the  cave 
that  the  roof  and  walls  are  event ualh'  shattered.  In 
some  instances  holes  are  opened,  perhaps  several  hundred 
feet  inland.  During  hea\'>'  storms  air,  spray,  or  even 
jets  of  water  are  force<l  through  these  "blow-holes." 

207.  The   rate 
800.  A.D.  of    wave  erosion. 

— The  rate  of 
wave  erosion  de- 
pends upon  such 
conditions  as  the 
directness  of  ex- 
ptisure  cif  '  -t 

to  wave  :i  <' 

protection  of  the 
shore  by  detritus, 
the  hardness  of  the 
rock,  the  depth 
and  the  width  of  the  sea,  and  the  consequent  strength 
of  the  waves. 

The  destruction  of  exposed  coasts  by  this  agency  is 
sometimes  quite  rapid.  It  has  been  estimated  that  the 
storm-swept  coasts  of  Britain  are  being  removed  at  the 
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Avotige  rat©  of  five  and  one-half  feet  a  year.  The  partial 
destruction,  within  historic  times,  of  Heligoland  (Fig.  117), 
the  once  celebrated  German  naval  baae  in  the  North  Sea, 
is  a  striking  illustration  of  the  effectiveness  of  wave 
CTOsion  upon  shores  exposed  to  the  sweep  of  a  wide  sea. 
This  island  is  composed  of  fairly  hard  sandstone.  At  the 
time  of  the  Danish  invasion  of  Elngiand  its  perimeter 
measured  nearly  one  hundred  and  twenty  miles.  At  the 
time  of  the  crusades  the  perimeter  had  been  reduced  to 
forty-five  miles,  and  from  that  time  it  dwindled,  until  at 
the  rldse  of  the  Great  War  it  measured  only  three  miles. 
Following  the  German  surrender,  the  concrete  fort- 
ifications of  the  island  were  dismantled,  and  were 
soon  broken  by  the  ceaseless  waves.  The  destruc- 
tion of  the  island  is  now  going  on  apace,  and  unless 
it  is  protected  by  artificial  means,  Heligoland  will 
soon  be  only  a  name. 

Sedimentation 

208.  The  agencki  ol  icmovaL— The  rock  waste 
resulting  from  wave  eroson  is  removed  by  the  water, 
partly  in  solution,  partly  in  suspension,  and  partly  in 
fragments  that  are  swept  away  by  moving  water.  The 
undertow,  which  is  caused  by  the  water  of  the  Bpeai 
waves  slipping  back  to  sea  underneath  the  incoming 
wa%'ps,  is  especially  active  in  removing  the  debris. 

209.  Terrace  building.— Since  wave  aetkm  k  sekiom 
effective  at  a  depth  that  exceeds  thirty  feet  bdow  the 
surface  of  the  sea,  one  of  the  effects  of  the  advance  of  the 
sea  upon  the  hmd  it  the  fotmatko  of  a  ihelf,  or  terrace, 
under  the  water  aking  the  abore.  When  the  undertow 
reaches  the  outer  maigin  of  this  terrace,  it  mingles  with 
the  eafaner  waters  of  the  deeper  sea,  and  its  k)ad  is 
deposited.  By  this  means  the  shore  tenraoe  is  gradually 
cadended  teaward. 
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210.  Shore  currents  and  their  work.— <  >winK  to  the 
irregularities  of  coast-lines  it  usually  hapix-ns  that  waves 
strike  projecting  points  of  the  shore  obliquely,  and  the 
waters  of  the  broken  waves  are  pushed  along  the  shore 
in  a  more  or  less  irregular  course.  This  movement  of 
water  constitutes  the  nhore  current.  The  rock  particles 
that  have  not  been  carried  out  by  the  undertow  are 
lx)me  along  by  these  currents  until  some  variation  in 
the  shore-line  causes  the  arrest  of  the  movement,  or 
until  a  stronger  incoming  wave  dashes  the  debris  a  little 
higher  upon  the  shore,  where  it  is  left  stranded. 

21 1 .  Sea  beaches. — The  accumulation  of  this  stranded 
debris  constitutes  a  beach.  When  the  beach  consists  of 
very  fine  rock  waste,  it  is  known  as  a  mnd  beach,  but 
when  it  is  made  up  of  disk-shaped  pebbles  and  stones, 
worn  smooth  by  grinding  against  one  another,  it  is  called 
a  xhiivjle  beach.  The  latter  form  may  be  produced 
where  very  heavy  waves  roll  high  upon  a  shore,  and  the 
undertow  carries  the  finer  particles  away. 

212.  The  formation  of  bars.— Owing  to  retardation  by 
friction  large  sea  waves  seldom  pass  with  full  force  into 

a  bay  or  a  harbour.  In 
consequence  of  this  retard- 
ation, a  large  portion  of 
the  sediment  which  waves 
have  obtained  by  their  own 
erosive  action,  or  which 
they  have  filched  from  the 
undertow,  is  dropped 
across  the  entrance  to  the 
bay.  In  this  way  a  bar  is 
gradually  formed.  The 
position  and  the  shape  of  the  bar  are  determined  by  the 
direction  given  to  the  waves  as  they  sweep  past  the 
adjacent  headlands.    Frequently  these  bars  appear  above 


Pig.  1  IS. — The  islands  inclosing 

Toronto  Harbour.     These  ooostltate 

a  "book"  in  process  of  formatkm 
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the  water  as  narrow,  pointed  projections,  and  are  then 
known  as  tpitA,  or  if  the  point  is  sharply  curved,  the  sput 
becomes  a  hook  (Fig.  118). 

213.  Off-shore  ban  or  barrier  beaches. —  ^Tim  the 
•^hoH'  wati-rs  are  shallow  and  there  is  an  abundant  supply 
>  f  <«-iliment  deri\-ed  either  from  the  erosion  of  loose  coastal 
aj;.t.  ri;il><  or  ffofu  river  action,  waves  and  currents  fre- 
(jU'ntly  build  bars  parallel  to  the  shore,  without  the 
:i>~i>tance  of  bays.  Bars  that  are  formed  in  this  way  are 
known  as  off-duiM  barty  or  harrier  bea^et.  The<  sand 
Peninsula  that  incloses  Rondeau  Bay  is  an  example  of  an 

:  -hore  bar  that  has  been  built  in  a  fresh-water  lake. 
Ab  a  result  of  the  formation  of  an  off-shore  bar,  a  strip 
oi  shallow  water  called  a  lagoon  is  inclosed  between 
the  bar  and  the  shore. 

Organic  Life  and  Coast-Likks 

214.  Silt-water  plants.— Some  forms  of  plant  and 
nnimal  life  carr>'  on  valuable  work  in  furthering  coastal 
chuii|(cs.  In  the  temperate  regions  many  spedea  of  salt^ 
waU-r  plants  flourish  in  the  quiet  waters  oi  lagoona  and 
sheltered  hays.  The  presence  oi  these  plants  tends  to 
retar<l  all  movements  of  the  water  and  thus  to  promote 
sedimentation.    The  accimiulation  of  sediment  supplied 

--.  win«ls,  streams,  and  tides,  together  with  thti 

.  nnuiios  of  aquatic  plants,  converts  the  lagoon 

into  a  Kalt-raarsh.      Gradually  the  level  oi  the  marsh  U 

raised  above   that  of  the  tidal   waters.      Flushing  by 

rainii  removes  the  esKoess  of  salt  from  the  soil,  and  feerii- 

water  and  shore  i^ants  diq>laoe  the  marine  vegetatko. 

By  building  dikes  and  then  draining  tbcae  marshea, 

man  has  converted  large  areas  into  tillable  land.    On 

the  coasts  of  Nova  Scotia,  Holland,  and  England,  valuable 

r rhes  of  fertile  soils  have  been  redaimed  in  this  way. 

1  lic  addition  to  the  area  of  the  British  Isles  l^  this ; 
r.o..-it 
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is  far  in  excess  of  the  loss  due  to  erosion.  At  Point  Pcl^c 
and  other  parts  of  Ontario,  fertile  limds  Imvc  Ix'jn  rf- 
claimed  from  the  lake^  in  this  way 

215.  Mangrove  swamps. —  On  stini-tropical  r  ,~t^ 
mangrove  trees  replace  the  salt-water  plants  of  th(j 
temperate  zones  (Fig.  119).  These  trees  grow  in  dense 
colonies,  with  their  roots  loosely  imbedded  in  the  soft 
mud  at  the  bottoms  of  the  lagoons.  Other  roots  descend 
from  the  branches  into  the  water  and  the  mud,  and  these 
serve  as  props  to  aid  in  supporting  the  trunks.     The 


CouiUiy  of  Tkt  Macmtiian  Co, 
Fig.  119. — Mangrove  awamp  on  the  coast  of  Florida 


trees  increase  rapidly  in  number  and  in  size,  and  the 
lagoon  soon  becomes  filled  with  a  dense  tangle  of  roots, 
which  have  an  im]x>rtant  influence  in  collecting  detritus 
from  the  water. 
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The  decay  of  the  older  trees  w  as  rapid  aa  the  grd^-th 

of  the  younger,  and  the  lagoon  is  soon  oonvertcd  into 

swampy  land.    Meanwhile,  the  numgrove  ookmy  slowly 

(ivances  seaward,  so  that  in  some  cases  these  jungles 

have  attainwi  a  vnihh  of  twenty  miles. 

216.  Animal  agencies. — In  the  work  of  shore-line 
buiUling,  animal  organisms  are  scarcely  less  important 
than  plants.  Akxig  the  eastern  coasts  of  Brazil  are  long 
lines  of  barrier  beaches,  which  have  been  converted  into 
solid  rock  by  deposits  of  limestone  formed  from  the  shells 
of  minute  sea  creatures.  Coral  structures,  such  as 
i^landi^,  reefs,  and  atoUs,  which  are  the  productions  of 
coral  polyps  (Sec.  284),  are  widely  spread  through  the 
wanner  seas.  The  latter  formations  are  more  fully 
dealt  v^-ith  in  the  chapter  on  i«l»«H«. 

ESTUARIBS 

217.  Definition.— An  estuary  is  the  tidal  portion  of  a 
rivrr,  that  is,  the  wide  mouth  <^  a  river  which  is  so  open 
to  the  sea  that  tidal  waves  move  far  up  the  river.  The 
mouths  of  the  Severn  and  the  Thames  in  England,  of 
the  St.  LAwrenoe  in  North  America,  and  of  the  Parana  in 
South  America,  are  typical  estuaries. 

218.  The  scouring  of  estoarkfc— «noe  a  river  tends 
to  (irpxHit  its  k)ad  oi  sediment  at  its  mouth,  an  estuaiy 
cannot  U-  |x  rmanent  unless  the  deposits  are  removed  by 
.Honn-  ini<iv\ .  The  removal  is  usually  the  work  of  the 
tide.  The  haing  tide  forces  the  water  back  into  the 
estuary,  but  the  falling  tide,  by  releaong  the  accumulated 
\vaters,  causes  such  an  increase  in  the  strength  of  the 
cumnt  that  ito  carrying  power  is  far  in  exeess  of  the 
normal.  To  be  most  effective  in  promoting  this  soouring 
action,  the  tide  must  move  straight  into  the  estuary. 
Whm  the  tide  moves  acrcm  the  mouth  of  the  estuary,  it 
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frequently  (ii^^inouies  the  sediment  in  such  a  manner  as 
to  form  a  bar. 

219.  Drowned  valleys. —  The  funnel-Hke  shape,  so 
characteristic  of  estuaries,  is  clue,  in  sonic  cases,  to  the 
scouring  action  of  the  tide,  but  more  frequently  it  has 
risen  from  the  depression  of  the  coastal  portion  of  the 
river  valley  until  it  was  flooded  by  the  sea.  A  valley 
which  is  depressed  in  this  way  is  known  as  a  drou  ned 
vaUey. 

Practical  Exercises 

(1)  Effects  of  jetties. — Pairs  of  concrete  or  wooden  walls 
extending  from  opposite  banks  partly  across  a  stream 
tend  to  cause  the  deepening  of  the  central  channel  of  the 
river.  Account  for  this  effect.  An  objectionable  feature 
is  that  the  deepening  is  not  miiform,  being  greatest 
opposite  the  ends  of  the  jetties.  Explain  why  this  is  the 
case. 

(2)  When  a  bar  forms  at  the  mouth  of  a  river,  the 
channel  may  be  kept  open  across  this  bar  by  extending 
the  mouth  of  the  river  between  parallel  jetties  to  the 
inner  margin  of  the  bar.    Account  for  this. 

(3)  If  a  jetty  is  built  projecting  from  the  shore  of  a 
lake  in  such  a  direction  that  it  intercepts  obliquely  the 
heavy  waves  that  beat  on  the  shore,  a  sand  beach  will 
be  gradually  produced  along  the  part  of  the  shore  that  is 
protected  by  the  jetty.    Account  for  this  beach. 


CHAPTER  XVII 
MOUNTAINS 

MorvTAiv  Ti-Mi\tiVMi.nnv 

220.  Definition.  A  •  '  "•  1  as  a 
tiiiLSf*  of  laiul  tin-  >uiiiii,ii  <  1  \--  il  area 
ind  which  rises  to  a  prominent  height  above  its  surround- 

* .  rording  to  this  description,  there  is  no  arbitrary 

<n    between  "mountain"    and    "hill,"  nor    do 

raphers  recognize  any  distinction;  for  it  is  not  unusual 

■    •  ■  ' •  •  *•  •♦'     ■        '•   ns 

.le 
•ively  small  local  promm* :  rticularly  when 

Hum-  oicur  in  plains,  are  called  n^' 

221.  Mountain  tcnm. — A  moui>  >y  connst  of  a 
tn:i>s  of  land  tapering  to  a  point  at  its  summit,  in  which 

led  a  tnottn/otfi   peak  (Fig.  120) ;  or  it  may 

n  of  an  elongated  mass  having  a  more  or  lees 

continu(*<  and  it  is  then  known  as  a  momitatn 

range  h  E  series  of  mountain  peaks  or  ridgra 
that  occur  in  a  more  or  kas  continuous  line. 

A  momUain  t!f$leni  is  composed  of  a  number  of  moun- 
tain ranges,  which  may  form  a  k>ng  line  of  mountains, 
though,  in  addition  to  thb,  they  are  usually  arranged  to 
fonn  n  I  '  '  i>araUel  or  sligbtly  diverging  series. 
iS4f>  H<M  M  System  on  map,  Kig.  122). 

A  d>r<i,U,r<\  Is  .1  group  of  oMMmtain  qrstems.  Of 
!  <upks  a  Itffe  arcA  ol  coimtiy 

387 


268  PHYSICAL  GEOGRAPHY 

and  80  has  a  very  diversified  character.  The  western 
portion  of  North  America  is  occupied  by  the  largest 
Cordillera  of  the  world,  having  an  area  of  2,300,000 
square  miles,  which  is  approximately  equal  to  two-thirds 


^  m 


•  y,  Canatia 
Fig.   120— Mount  Itob-on 

of  the  area  of  Europe.  The  part  of  this  cordillera  which 
is  in  Canada  covers  nearly  all  British  Columbia  and 
extends  into  the  Yukon  Territor}--,  and  includes  the 
Rocky  Mountain  System,  the  Selkirk,  Gold,  Purcell, 
Columbia,  and  Coast  Ranges,  and  the  Interior  Plateau 
(Fig.  122). 

A  mountain  pass  is  a  gap  which  crosses  a  mountain 
ridge  or  range  and  affords  a  comparatively  easy  passage 
through  the  mountains  (Fig.  123).  Passes  are  usually 
formed  by  the  erosive  action  of  streams,  which,  in  their 
course    through    depressions    in    the    mountain    range, 
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attack  the  totter  rocks  or  the  jointed  formations  of  the 
mountain  mass. 


Cfufltsy  •}  Ikt  Gml»tit*i  Surtty.  Cmmmdm 

i  IK   i^i —LouBUMiiiortti  oT«r  Um  Sooth  Thompion  Rlv«r. 
wart  or  Dadu  Sutfoa 

The  Distribution  of  Mountains 

222.  The  great  mountain  belts.— In  the  two  following 
^  on  volcanoes  and  earthquakes,  we  shall  learn 

..  ^e  manifefltatkos  of  cnistal  changes  usually  occur 
along  two  great  lines,  one  girdling  the  Pacific  Ocean, 
and  one  encircling  the  earth  about  TXf  U>  2Kf  north  of 
the  equator.  An  examinatkni  of  the  distribution  of 
the  great  mountain  syatema  of  the  world  shows  that 
they,  too,  are,  for  the  most  part,  found  in  these  two 
jKines.  Tlieee  are  the  lines  <k  greatest  cnistal  move- 
ments and  of  mountain-l^uilding. 

223.  Blountains  \n  relation  to  oootincnta.— Aside  from 
thtir  :uTanfl(3nent  into  the  two  great  bdta,  mountains 
occur  without  any  special  order  in  their  distribution, 
except  that  all  the  continental  areas  ccotain  mountain 
systems  which  play  an  important  role  in  determining  the 
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outlines  and  the  reliefs  of  the  continents.  For  this 
reason  mountain  systems  are  usually  ('alk*d  the  axe^  of 
the  continents.  In  so  far  as  axis  means  a  physical 
support,  the  term  is  not  particularly  fitting,  for  we  have 


CouTltsy  of  tkt  Gtoloiical  Surtty,  Canada 
Fig.  122. — Shutwap  terrane  rocki  in  soutb-centrml  Brftiah  Columbi* 

already  seen  that  zones  of  mountain-building  are  areas 
of  weakness  in  the  earth's  crust  rather  than  areas  of 
strength.  It  would  be  more  correct  to  speak  of  the 
mountain  ranges  as  being  the  growth  centres  of  the 
continents,  because  from  them  issue  streams,  which  carry 
sediment  eroded  from  the  uplands  and  deposit  it  on  the 
lower  levels.  The  greater  part  of  the  continental  areas 
have  been  built  up  from  the  detritus  obtained  from 
mountains,  and,  in  many  instances,  the  moimtains  them- 
selves have,  in  large  measure,  been  produced  by  the 
uplifting  of  sediment  derived  from  the  erosion  of  more 
ancient  highlands.  This  is  illustrated  in  the  history  of 
the  Rocky  Mountains.    These  are  composed,  for   the 
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most  part,  of  Uroeitones,  HuidBtoiies,  and  shales,  which 
arc  the  product  of  sedimentA  that  had  been  eroded  from 
an  ancient  hicrhland.  and  deposited,  in  some  areas  at  least, 
beneath    tl  Subsequent    upheaval,    which    took 

piM'      '  '  u'ical  age,  raised  these  strata 

to  •         ^  a  those  of  the  present  moun- 

tains (Fig.  120). 

The  Origin  of  Mountains 

224.  Original  and  relict  mountains. — The  historj'  of 
the  Rocky  Mountains,  briefly  stated  in  the  last  section, 
illustrates  a  mode  of  origin  which  is  described  as  origin 
by  accumulation  and  uplift;  and  mountains  which  began 
their  life  cycle  in  this  way  are  called  original  mountains. 


In  oootTSMt  with  this  mode  of  origin  is  that  of  mountains 
which  arc  produced  by  the  eraaoa  of  lofty  plateau  areaa. 
MouBfeaiiM  wfaieh  are  fonned  in  the  ktter  way  are  ealled 

relict  maunlaiiiM, 
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225.  Varieties  of  original  mountains.  —  Original 
mountains  may  be  classified  as: 

(1)  Laccolith  mountains 

(2)  Mountains  due  to  folding 

(3)  Mountains  due  to  faulting 

(4)  Volcanic  mountains. 

Volcanic  mountainB  will  be  fully  described  in  the 
chapter  on  volcanoes. 

226.  Laccolith  mountains. —  The  name  laccolith  is 
derived  from  a  Greek  word  meaning  stone  cistern,  and  is 
applied  to  dome-shaped  mountains  which  occur  singly  or 
in  groups,  and  which  were  formed  by  the  intrusion  of 
molten  rock  between  weak  layers  of  the  earth's  crust 
(Fig.  124).     The  pressure  of  the  molten  mass  was  eufti- 


Fi<.  124.— A  bocoUth 

cient  to  cause  the  overljing  strata  to  bulge  upward  and 
form  a  dome,  but  not  strong  enough  to  force  an  opening 
to  the  surface.  Representatives  of  this  type  are  found 
in  the  Henry  Mountains  of  Utah  and  in  the  Black  Hills 
of  Dakota.  In  these  instances  they  exist  in  scattered 
groups  and  rise  from  three  to  five  thousand  feet  above 
the  surrounding  plateau. 

The  flat-topped  hills  in  the  neighbourhood  of  Port 
Arthur,  Ontario,  had  their  origin  in  intrusions  of  lava. 
Weathering  and  erosion  have  removed  the  softer  strata 
that   originally   covered   the   hard   lava   rocks.     These 
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intrarioiM,  known  as  $illt  on  account  of  their  flat  forms, 
have  produced  a  markfd  effect  upon  the  topography  oi 
the  islands  and  the  shores  of  Thunder  Bay  (Fig.  125). 

227.  Mountatm  due  to  folding.— Nearly  all  the  great 
mountain  ranges  of  tl»e  worhl,  inrliiding  the  Rockies,  the 


FIC-    i^>      -   I  i>'iiiM<-i    ^  at"-  »<iu   VUD  a>««)i>tUM  OiiUil.  utf  k'ufi  A.  i.uut 

/ndes,  the  Alps,  and  the  Himalayas,  are  composed  of 
strata  that  were  originally  low-lying  or  even  submerged 
beneath  the  sea,  but  were  uplifted  as  a  result  of  the 
wri' '  '  r  -^  '  folding  of  the  earth's  crust.  If  one  side  of 
at  sheets  of  paper  is  (daoed  against  a  wall, 

and  preflsure  is  exerted  upon  the  oi^xinte  side,  the  folds 
and  on:  <  —  reduced  in  the  pi^ier  will  represent 
wliat  )  toe  in  the  great  earth  sheets  as  a 

result  <  ressure  exerted  akmg  one  margin 

of  ''^  is  pressure  is  bdieved  to  be 

du<  t  A  that  arise  from  the  settling 

and  shrinkinK  of  t!  ass  of  the  earth.     The 

Khri:  '  '  *'  rtii »  crust  oas  oever  yet  been  sati»- 
fa. 

228.  The  features  of  rock  folding.— We  require  no 
evidenoe  of  the  fokiing  of  rocks  other  tbaothat  which 
is  indelibly  impwsised  upon  the  rocks  thmsehrct.  The 
next  three  figures  are  pictures  of  actual  rock  strata. 
Figure  126  shows  the  trougb-diaped  fold  which  is  known 
as  the  Ktfnrliiu.  Figure  127  represents  the  Inverted  trough- 
shaped  fold  which  is  called  the  anOdrnt.  Frequently  the 
fokting  is  mueh  complicated,  and  wrinkUng  confuses  the 
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Courtesy  of  the  Geological  ' 
Flff.  126. — Syncline  folds  in  Outer  Range,  aouth  of  Ai 


CourUiy  of  the  Geotoitcal  Hurvty,  Cantula 

FIs.  127. — Aoticline  in  Sbumardia  Umestooe.  Levis 


MOUNTAINS 


275 


general  linos  of  fold.      Figure    128  shows   a  system  ci 


wrinkling  folds.  Figiiro  129  is  a  diagrn 
one  of  thoso  coniplicatod  s>'stcms  in  \\ 
have  be«'n  ni;: 
thinaloti 
A  A,  lu 

the  curved  por- 
tions, as  though  the 
rock  components 
had  been  made 
plastic  under  pres- 
»urt'  and  had  then 
be«i  caused  to  flow 
into  the  regions  of 
le.s.ser  pressure. 
Thesse  ol>8er\:ition.s 


that   take    {) 


■senting 
strata 


'fpK'iitly    U\ 

lhat,uiiii»r 

.1  t^.«.«.P»  i — ^^ 


las.— Drav  IWdBte  ttm  OoogBr  quanuM. 


(Sec.  113). 

It  fre 
happens  that 
the  lateral  pressure 
which  produces 
folding,  rocks  are 
cleft  akng  a  pUne,  and  one  of  the  severed  pieoee  is  shifted 
along  this  plane  of  cleavage  for  a  ooosiderable  distance. 
The  Scottish  mountain  Ben  Eay,  whieh  is  about  3,300 
feet  high,  bears  unmistakable  evidoiee  of  having  been 
moved  by  such  a  thrust  for  a  distance  of  ten  milea 
(Fig.  130).  Examples  of  thrust-faulting  are  also  met 
within  the  Rocky  Mountains  just  north  of  the  Canadian 
boundary. 
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In  consequence  of  the  displacement  of  large  maases  of 
rocks  through  folding  and  faulting  and  by  thrusts,  the 
structure  of  mountains  is  fre(iu(ntly  very  complicated. 

Sometimes  the  dis- 
placements cause 
the  strata  that 
were  originally 
deeply  buried  to 
be  elevated,  so  as 
to  overlie  strata 
that  had  been  de- 
posited  above 
them.  The  com- 
plexity of  moun- 
tain structure  is 
still  further  in- 
creased by  the 
unequal  rates  at  which  the  rocks  of  different  degrees  of 
hardness  are  removed  by  weathering  and  erosion. 


Fig.   129. 


Fig.  13U.— Ben  E«y,  Koo,s-^hire.  >  utl an  J 

229.  Mountains  due  to   faulting* — Frequently    rock 
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nuMMfl  fault  along  long  lines,  and  the  rupture  is  usually 
followed  by  a  suooMtion  of  detHvaaions  or  elevations  of 
one  or  both  portiona  of  the  fractured  rook.  Changes 
such  as  these  have  taken  place  in  various  regions  of  the 
earth  on  such  a  gigantic  scale  as  to  produce  lofty 
mountain  ranges. 

Noteworthy  examples  of  mountains  produced  by  fault- 
ing are  the  ranges  that  occupy  the  Great  Basin  of  the 
western  United  States.  Wlxcn  the  Rocky  Mountains 
were  formed  the  Great  Basin  was  elevated  into  a  vast 
plateau  in  the  form  of  an  arch.  Subsequent  to  its 
ek-vatiun  a  series  of  almost  parallel  fractures  formed 
along  the  crown  of  the  arch,  and  some  s^ments  of  the 
8hatt«ntl  structure  slowly  settled.  The  segments  that 
remainfd  elevated  constitute  the  numerous  parallel 
rangcii  that  rise  from  3,000  to  5,000  feet  above  the 
.^*. 7*' 

.'■""..""'     "i •'r:**-, 

..••  ..•*      ..••-•-. ••. 

-i^'C''::^ ^::::::"'^L:^':>:>, 


V.¥oa9M  R.Rtww  Volley  B.  BlocK  Fbr«»t 

TIf.  ISl 

subsided  valleys.  The  faulting,  in  all  probability,  took 
I^Ace  in  a  series  of  slow  and  gradual  moveoieDts  unao- 
oompanied  by  \Holent  earthquake  oonyuUans. 

The  mountains  that  overiook  the  Dead  Sea  and  the 
valley  of  the  Jordan  and  the  ranges  boidering  the  valley 
of  th«*  Rhine  are  also  examples  of  nxMintaiiis  produoed  bj 
faulting  I  rig.  131). 

230.  Origin  and  distribution  of  relict  mountains.— 
Relict  mountains  are,  aa  the  name  impUes,  remnants  of 
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larger  olcvations.  They  have  been  carved  out  of  plateaus 
by  ercxling  agoncios,  such  as  running  watir.  winds,  and 
glaciers. 

As  a  natural  conswiucncc  of  their  mcKle  of  origin, 
mountains  of  this  class  usually  exist  either  in  isolation 
or  in  small  groups.  This  scattered  distribution  is  illus- 
trated by  the  pyramidal  mountains  that  have  been 
produced  by  the  erosion  of  the  Sahara  Desert  plateau. 

231.  The  characteristics  of  relict  mountaixis. —  The 
characteristic  features  of  relict  mountains  have  been 
determined,  to  a  large  extent,  by  the  climatic  conditions 
under  which  weathering  and  erosion  took  place,  and 
in  part  by  the  diflferences  in  the  rock  strata.    The  pro- 


Fig.  132. — View  from  the  shoulder  of  Ben  Nevis,  looking;  >ouiU 

oesses  of  desert  weathering,  namely,  sudden  and  extreme 
temperature  changes  and  wind  erosion,  have  produced 
the  sharp  angles  and  hard,  straight  lines  of  the  pyramidal 
mountains  of  the  Sahara,  while  the  flat  "table"  tops  of 
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thfjM*  mountains  are  due  to  horizontal  la3rers  of  resistant 
nnk  which  persist  after  the  softer  masses  have  been 
n-inoved.  Relict  mountains  that  have  been  carved  out 
in  nion-  humid  lands  have  softer  features  in  which  curved 
liii'-  i>rtiiuminate.  This  is  illustrated  by  Ben  Nevis, 
::in<l,  the  profile  of  which  is  shown  in  Figure  132. 
I  )itT.  r«  n'-'-s  in  the  hardness  of  rock  strata  have  given 
rJM'  to  Mjme  n-markable  features  of  refict  mountains. 
Tliis  is  strikingly  illustrated  in  the  "bad  lands"  of  the 


ns.  us.— A  but 

•Mnni-arid  western  United  States.     Cootpicuoui  fcatursi 

n   f^<  •       •!(«  are    the    toad-atool    monnda   and  the 

kr  <^nirturef  known  m  b¥tt«$  (Fig.   133). 

I   •  f  thoee  rocks  which,  on  account  of 

'(Ted  more  ikuwiy  than  the 

ven  the  baideil  rocks  of 

rnMiiiitain-  ..imI  ;  t  eventually  disi^ypear,  for 

'         *',  have  a  ccwnpleli 
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The  Lipb  History  of  Mountains 

232.  The  period  of  elevation. — Previous  to  the  middle 
of  the  eighteenth  century,  it  was  a  nmtter  of  general 
belief  that  mountains  are  primitive  and  permanent 
earth  features.  But  the  study  of  the  origin  of  mountains 
has  shown  us  that  this  view  is  incorrect,  for  mountains 
have  their  periods  of  growth,  maturity,  and  decay.  We 
have  plenty  of  evidence  that  the  two  latter  periods  are 
extremely  long,  and  proof  is  not  lacking  that  mountains 
are  not  built  in  a  day.  A  study  of  the  courses  of  rivers 
shows  that  the  folding  and  faulting  movement*,  by  which 
the  great  ranges  were  formed,  progressed  gradually, 
and  that  only  rarely  did  rapid,  spa-smodic  movements 
take  place.     For  example,  during  the  periods  of  uplift 


CourUsy  of  Tk*  Camada  PtMuhimt  Co. 
Flc.  134.— Osp  of  tbe  Bow  River  near  Banff,  looking  east 

of  the  older  ranges  of  mountain  systems  in  various  parts 
of  the  world,  rivers,  in  many  cases,  established  their 
channels  at  right  angles  to  the  direction  of  the  ranges. 
At  a  later  period  new  ranges  were  uplifted  by  folding  or 
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faukinc  and  even  in  places  where  the  axis  of  uplift  lay 
icrofls  the  ooune  ci  the  rivers,  the  waters  were 

I.  .   Lcted.    It  is  obvious  that  the  upheaval  must 

have  progresKd  so  slowly  that  the  river  was  able  to  cut 
its  channel  into  the  uprising  strata  faster  than  elevation 
took  place.  The  Gap  of  Bow  River  fFig.  134)  illus- 
trates this. 

233.  The  weathering  and  denudation  of  mountains. 
— Mountains  are  exposed  to  conditions  that  promote 
comparatively  rapid  destruction  by  the  agencies  of 
weathering  and  denudation.  The  sparMnen  of  veget*- 
tkn  and  the  rapid  removal  of  detritus  give  the  weathering 
agencies  free  access  to  the  surface  of  mountains.  Lofty 
peaks  are  especially  exposed  to  disintegration  by  rapid  and 
extmne  changes  in  tonperature,  while  the  steep  slopes 
fpve  graN-itatioo  and  stream  and  i^acial  action  the  most 


Cmmtuytflkt  C«< 
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fHvourahii'  upportunity  for  stripping  off  tl 
fafft  as  they  are  looiaied.  In  oonswpiim 
destruction  by  these  sgwides,  the  •Ulfael•^ 
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are  usually  broken  and  rufo^I.  The  general  features  of 
the  irregularities  depend  to  a  large  dcgrei'  upon  the 
structure  of  the  rocks.  For  example,  the  (lonu'-like  peaks 
(Fig.  135)  of  the  Coast  Range  of  British  Columbia  are 
pnxluced  by  the  glacial  erosion  of  the  softer  strata 
overhang  the  intrusive  rocks,  wliiie  cafit<'llat<»d  peaks 
with  towers  and  pinnacles  and  steep  walls,  such  as  those 


Fig.  136. — Sumni!< 


of  some  portions  of  the  Rockies  (Fig.  136),  are  the  result 
of  the  weathering  of  rocks  of  jointed  structure. 

234.  Mature  mountains. — The  t>T)ical  form  of  moun- 
tain valley  is  the  gorge;  but,  as  the  mountains  grow 
older,  the  gorges  are  cut  wider,  and  broad  valleys,  con- 
taining i^ide  stretches  of  agricultural  land  and  having 
sloping  rather  than  steep  sides,  are  not  uncommon  among 
mountains  that  have  reached  maturity.    The  summits 
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of  mountains  that  have  reached  this  period  in  their  life 
■>■  rounded,  their  surfaces  have  lost  their  rugged 
ui  hard  lines,  and  the  elevations  melt  into  one 
her  like  sea  waves  (Fig.  132). 

235.  Mountams  in  dd  age.— In  old  age,  erosion  niay 
have  rt'<hi(-t>d  mountains  almost  to  plains.  The  low 
I^urentian  plateau  is  an  example  <^  this.  It  contains 
only  the  basal  portions  of  mountains  that  once  towered 
several  thousand  feet  above  the  sea  that  surrounded 
them.  But  the  "tooth  of  time,"  by  ceaseless  gnawing 
tl;r.  .  '  '  '  rs,  has  removed  the  lofty  peaks 
aii'i  «1  plateaus  to  the  low  rounded 
kimiN  which  are  characteristic  features  of  this  area 
(Sm-.   210). 

236.  Mountains  and  mining.— \Mth  the  exception  of 
i\  few  materials,  such  as  building  stone,  clay,  and  coal, 
the  minerals  of  the  wwld  are  limited  to  mountainous 
laads,  and  particularly  to  lands  occupied  by  mountains 
that  have  been  extcnavely  denuded.  The  reason  for 
this  is,  Uiat  while  the  economic  minerals  are  widely 
ilissriiniiiiitid  throughout  the  earth's  crust,  it  is  only  in 
repons  where  their  particles  have  been  gathered  by  some 
afency  and  "x^*"***^  in  a  limited  space  near  the  surface 
of  the  earth  that  they  can  be  profitably  obtained. 

Among  the  substances  that  percolate  through  the 
strata  of  the  earth  and  have  power  to  dissolve  mineral 
mattets,  the  eommonest  are  steam  and  water  and  fluid 
quarts.  The  solutions  so  formed  escape  from  the  interior 
of  the  earth  through  the  cracks  that  are  caused  by 
mountain  folding  and  settling.  The  minerals  are  de- 
posited upon  the  walls  of  the  cracks,  or  the  quarts 
soUdifi^  within  them,  and  thus  mineral  veins  are  fonncd. 
Mineral  veins  are  fonned  in  other  ways,  but  many 
<-ontaining  valuable  ores,  such  as  those  of  copper,  iron, 
Hilver,  and  goki,  are  produced  in  the  way  juit  deaqribed. 
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When  mountains  have  been  greatly  denuded,  the 
deeper  and  richer  portions  of  the  v«'ins  nre  exposed,  and 
mining  is  thereby  made  easier. 

The  rich  silver  and  gold  veins  of  Cobalt  and  Porcupine 
were  exposed  upon  the  surface  of  the  rocks  by  the 
extensive  erosion  of  the  ancient  Laurentian  Mountains. 
The  silver  veins  of  these  districts  were  formed  by 
deposits  from  water  which  escaped  through  cracks  in 
the  mountain  strata,  and  the  gold  veins  by  intrusions  of 
quartz  that  welled  up  into  similar  crcNices. 

The  world's  most  remarkable  and  most  sraluable 
deposits  of  nickel  are  found  at  Sudbury,  Ontario.  These 
originated  in  the  intrusion  of  a  mass  of  molten  rock, 
which  formed  a  laccolith,  haNnng  a  volume  of  nearly 
500  cubic  miles.  It  was  covered  by  a  blanket  of  sedi- 
mentary rocks  nearly  10,000  feet  thick.  Subsequent 
erosion  removed  the  greater  part  of  this  covering,  and 
the  nickel  deposits  contained  in  the  laccolith  were  made 
accessible. 
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S.  America 
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Mt.  Erebus... 
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Interior  Plateau 
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12,rj00  ft. 
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18,520  ft. 
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1  i;rope 
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15,775  ft. 
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]  \iTo\ye 

Mt.  McKinlev 

20,.500  ft. 

Coast  Mts. 

N.  America 
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13,500  ft. 

Canadian  Rockies  X.  America 
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Rainier 

17,r>40  ft. 

Mexican  Plateau 

N.  America 

14..'52.5  ft. 

Cascade 

N.  America 

Kosciusko 

7,256  ft. 

Eastern  Plateau 

.\u9tralia 

CHAPTFR  XVTTT 

VOLC'A  N     !  - 

The  Mkanino  of  Volcano 

237.  The  origin  of  the  name.  —  The  convulsive 
Hctivities  of  volcanoes  form  a  marked  contrast  to  the 
-low  and  pernskent  proccawui  of  weathering,  and  are  much 
:aore  violent  than  the  eruptions  of  geysers.  The  violent, 
!  >n8  of  volcanoes  fill  modem  man  with  awe, 
I;  .  . .  ang  his  scientific  knowledge,  and  present 
to  him  not  a  few  unsolved  problons.  Hence  it  is  not 
-urprUinK  that  the  ancient  Greeks  saw,  in  the  changing 
;iarp«  of  the  mountain  of  the  Lipari  Islands,  the  forge  of 
iii>'thical  Vulcan,  to  whose  name  we  are  indebted  for  the 
u'onl  volcano. 

238.  The  matter  eiccted  by  volcanoes.— Some  of  the 
names  given  to  the  materials  ejected  from  volcanoes 
;ire  nlirs  (if  the  erroneous  belief  that  a  vc^cano  is  a  burn- 
ing m(juntain.  The  materials  contained  m  a  vcrfcano  are 
Mot  burning,  for  there  is  no  alteration  of  matter,  such  as 
taken  place  during  the  combustkm  of  wood,  or  gas,  or 
coal.  The  v>l<  >tii(  iimi<*Hal  that  is  called  a*A  is  not 
the  afth  left  \v  i*8  are  burned,  but  is  a  grayish 
fKm-dcr  (<d  from  rock  materials  by 
.vi.!...i..i                       .  ::iem  into  small  particles.     The 

which  appear  to  biuvt  forth  from 

vuIm  of  f  'es  and  which  have 

"..the  til.     i..^..i...!Useof  theMediter- 

r:tn>  n>  !•<•.     They  are  rf6eeUona  from  the 

it  above  the  Toloano,  and  whieh 
386 
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are  lighted  by  tho  glo^ving  lava  welling  up  within  the 
crater.  These  lights  resemble  the  refle<'tions  of  the 
electric  illuminations  upon  the  cloudy  sky  overlying  a 
city. 

In  the  next  place,  a  volcano  is  not  necessarily  a  moim- 
tain.  It  is  true  that  a  mountain  is  usually  built  by  the 
accumulation  of  the  ejected  matter,  but  the  moimtain 
is  only  secondary  and  is  rarely  present  in  the  early  stages 
of  the  volcano.  The  essential  features  of  a  volcano  are 
the  issuance  of  gases  and  the  ejection  of  rook  materials 
from  a  vent.  The  vent  is  the  exit  of  a  tulx;  leading  from 
a  reservoir  of  volcanic  matter,  situated  somewhere  within 
the  earth.    Vents  are  usually  located  on  great  cracks  in 


C  Henrv  Holt  &  Company 

Fig.  137. — Ropy  surface  of  flowing  U\a..  Mauna  Loa.  liawaii 

the  earth's  crust  and  may  occur  on  plains  as  well  as 
among  mountains.  For  instance,  a  fissure  appeared  in  a 
plain  in  Mexico  at  a  distance  of  nearly  forty  miles  from 
any  mountain,  and  through  it  was  ejected  in  a  single  night, 
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Kufliciont  volcanic  material  to  build  up  the  mountain  of 
Torull. 

The  materials  that  iamie  from  volcanoes  may  be  either 
stolid,  lifiuid,  or  gaseous;  and  the  relative  quantities  of 
these  tluvc  forms  vary  with  different  volcanoes,  and,  in 
some  instances,  during  different  eruptions  of  a  sin^^ 
volcano. 

Lava,  or  mdten  rock  (Fig.  137),  is  the  most  important 
of  all  volcanic  products,  for  it  forms  the  most  esctensive 
masses  and  fuh Is  of  volcanic  matter,  and  is  the  jnincipal 
material  from  wluch  all  the  solids  that  issue  from  volcanoes 
are  fonned.  Among  these  solids  are  volcanic  ash,  volcanic 
dust,  and  scoria.  Volcanic  dust  is  produced  by  gas 
exi^osioiis,  which  shatter  the  lava  into  a  brownish 
powder  with  particles  so  small  that  they  can  pass  through 
the  meshes  of  the  finest  silk.  These  particles  sometimes 
float  in  the  air  for  months.  Volcanic  ash  originates  in 
the  same  way  as  volcanic  dust,  but  its  particles  are  much 
coarser,  and,  consequently,  they  do  not  float  so  Umg  in 
the  air.  Scona  is  a  material  resembling  slag  from  a 
fountir>',  or  cinders  from  a  furnace.  It  is  solidified  lava 
that  ccmtains  many  bubble  cavities,  fonned  by  the 
encape  of  steam  and  other  gases  when  the  lava  was 
solidifying.  When  the  bubble  cavities  are  extremdy 
numerous,  the  scoria  is  U|^t  enou^  to  float  on  water 
and  is  then  known  as  pumice  stone. 

The  most  abundant  of  the  gMss  that  eacape  from 
volcanoes  is  steam.  The  quantity  of  water  neeeaaiy 
for  the  formatkn  of  this  steam  is  usually  very  great, 
and  in  the  ease  of  eruptkns  of  the  moet  extensive  type, 
it  Ih  inormous.  For  instance,  the  vapour  ejected  from 
Mount  Etna  during  an  eruption  that  lasted  for  one 
hundred  days,  was  computed  to  be  the  product  from 
70,000,000  cubic  feet  of  watei^-«n  amount  sufficient  to 
form  a  lake  a  mile  king,  a  quarter  of  a  mile  wkie^  tnd 
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more  than  ton  feet  deep.  These  great  volumes  of  steam 
condense  alx>ve  the  volcano  to  form  rain-clouds,  which 
are  charged  with  electricity  and  give  rise  to  violent 
thunder-storms,  with  heavy  do>\Tipour8  of  rain.  The  rain, 
falling  upon  the  freshly  ejected  dust  and  ash,  converts 
them  into  soft  mud,  which  runs  down  the  inclines.  These 
mud  streams  have  been  known  to  bur>*  villages  and  even 
cities.  Such  was  the  fate  of  Herculaneum,  Italy,  during 
the  eruption  of  Vesuvius  in  the  year  79  A.D.  In 
addition  to  water  vapour,  the  most  common  volcanic 
gases  are  carlx)n  dioxide,  sulphur  dioxide,  hydrogen, 
hydrochloric  acid,  and  oxygen. 

As  already  stated,  the  volcano  builds  its  own 
mountain  from  the  lava  that  flows  from  the  vent,  or  from 
the  lava  and  other  materials  which  are  expelled  with 
explosive  force.  When  a  volcano  is  sending  forth  vol- 
canic matter,  either  in  the  form  of  a  steady  stream  of  lava, 
or  as  matter  that  is  ejected  with  explosive  force,  the 
volcano  is  said  to  be  in  eruption.  Sometimes  explosive 
eruptions  are  of  great  violence.  To  cite  an  instance, 
during  an  eruption  of  Cotopaxi  in  South  America  a 
mass  of  rock  weighing  two  hundred  tons  was  hurled  to  a 
distance  of  nine  miles,  while  heavy  showers  of  dust,  so 
fine  that  ten  millions  of  the  particles  weighed  only  one 
ounce,  fell  sixty-five  miles  away. 

The  Structure  and  Composition  of 
Volcanic  Cones 

239.  Lava  cones. — The  differences  in  the  volcanic 
materials  give  rise  to  variations  in  the  form  and  the 
composition  of  volcanic  cones.  Some  are  composed  almost 
wholly  of  lava  that  rises  from  the  vent  and  overflows 
around  its  margin,  to  form,  at  first,  a  ring,  and  afterwards, 
as  the  accumulations  from  the  overflow  raise  the  mass 
higher  and  higher,  to  form  a  cone.    Some  varieties  of 
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lava  irmain  fluid  for  a  conaidenble  length  of  time.  This 
permits  of  their  spreading  over  a  larger  area,  and  thus  a 
cone  of  very  gradual  alq;ie  is  built  (Fig.  138).  Other 
lava«  have  the  conmstencj*  of  a  mass  of  thick  paste  and 
build  up  dome^haped  f'one**  ^nih  ptoep  inrline#s. 


-  —Fujiyama.  •  vokaale  em*  tai  Ja^aa 

240.  Cinder  and  ash  cocies.— Some  volcanic  ocnes  are 
built  up  almost  entirely  from  the  fragments  of  rock 
materials  that  are  thrown  into  the  air  during  eruptions; 
these  are  called  oM  or  cinder  taDte»,  Naturally  the 
accumulation  is  greatcit  Immediately  around  the  vent, 
and  gradually  decreases  outwards.  The  looae  matffriah 
piled  near  the  vent  roll  down  the  slope  until  they  find  a 
position  of  rest,  and  thus  build  up  an  ahnost  perfect 
cone,  having  steep  sides  with  a  more  or  leas  concave 
profile. 

241.  Gomposhe  cooes.— The  largest  voleanoet  OMally 
build  up  cones  that  are  compoaed  of  mind  depcMiti  of 
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lava  and  ashes;  thosp  arc  known  as  mmponte  crmett.  In  the 
early  stages  of  their  gro^lh  their  form  is  conical ;  but 
as  the  streams  of  lava  flow  out  unevenly,  it  grmlually 
becomes  more  and  more  irregular.    This  is  particularly 


CouTltsy  of  Henry  Holt  &  Company 
Pig.  139. — Cinder  oooe  forming  the  summit  of  Mount  Vesuvius 

the  case  when  the  cone  has  become  so  high  that  the 
pressure  of  the  lava  column  ^^^thin  the  tube  caases  vents 
to  burst  through  the  sides  of  the  hill.  From  these  vents 
lava  streams  issue,  and  around  them  new  cones,  called 
par(w(e  conen,  are  frequently  developed.  Upon  the 
surface  of  Mount  Etna  more  than  two  hundred  parasite 
cones  can  be  seen.  In  some  cases  the  original  vent  ceases 
to  discharge  and  becomes  plugged  with  solidified  lava. 

242,  The  crater  and  volcanic  chimney. — The  upper 
portion  of  the  tube  through  which  the  volcanic  materials 
rise  from  the  interior  of  the  earth's  crust  is  called  the 
craler.     It  is  generally  funnel-shaped  and   may  become 
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filled,  for  short  intervals,  with  ash  and  cinders  that  fall 
within  it    '  T*  '  ii>e  becomes 

lin(-<i  \\i<  1  called  the 

chimney.     The   l)on>   of   the  chimney  varies  during  the 
lifr  iif  i'  At  times  the  column  of  lava  that 

n-M'>  NM'  uney  is  sufficiently  hot  to  melt  the 

inner  walls,  thus  cnlan^ng  the  bore.  At  other  times  it 
iMH'omes  so  cool  that  some  of  it  solidifies  upon  the  inner 
surface,  and  so  lessens  the  bore.  When  the  volcano 
liecomes  extinct,  a  plug  of  lava  solidifies  within  the 
chimney.  This  plug,  l)eing  of  very  hard  rock,  some- 
times remans  as  a  prominence,  in  an  ancient  volcanic  area, 
after  the  softer  portions  of  the  volcanoes  and  neighbour- 
intains  have  been  rt^moved  by  erosion.  A  good- 
lon  of  this  formation  is  furnished  by  Mount 
Jolmflon,  situated  twenty-two  miles  south-east  of  Mon- 
treal. It  rises  from  a  level  plain  to  a  height  of  nearly 
seven  hun<lred  feet  (Fig.  99). 

Rbprbsbntativb  Volcanobs 

243.  Kilauea. — Before  undertaking  a  study  of  the 
cau.x4>s  underlying  volcanic  phenomena,  it  iftill  \ie  helpful, 
tu^  H  pn-puration  f<>r  (li.tt  '•tiidy,  tO  become  fai:    '  '■ 

the  Iwhiiviour  <.f  a  f.w  typical  VC^Canoes.  K: 
of  the  mo^t  n  tii.irkable  of  vdcaaoes,  is  situated  on  an 
udand  of  the  Hawaiian  group.  The  crater  is  in  the  form 
of  an  elliptical  bowl  nearly  seven  miles  in  circimiferenoe. 
The  inner  surface  of  the  waUs  of  the  crater  is  terraced  with 
depoats  of  hardened  lava,  while  the  centre  of  the  floor 
is  occupied  by  a  lake  of  lava,  the  surface  of  which  is 
usually  at  dull  red  heat,  with  jets  of  lava  at  white  heat 
tiy  burrting  through  It.  The  level  of  this  lava 
!  •  onstantly  changing.    It  rises  when  underground 

channels  that  \etui  from  the  chimney  become  stopped 
up,  and    sinks   when    the   lava   melts  the  rocks  that 
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obetructed  these  channels.  In  1840  a  stream  of  lava 
issued  from  one  of  these  tunnels  in  the  side  of  the  mountain 
eleven  miles  from  the  crater,  and  flowed  down  the  slope 
a  distance  of  eleven  miles  into  the  sea.  This  lava  stream 
soon  cooled  and  congealed  on  the  outside,  but  remained 
molten  within,  thus  forming  a  continuation  of  the  tunnel. 
The  hot  molten  lava  pouring  from  this  tunnel  into  the 
sea  produced  enormous  clouds  of  steam,  while  the  lava 
was  shivered  into  tiny  particles  that  were  thrown  into 
the  air  in  clouds  that  darkened  the  sky. 
244.  Mount  Pel6e. — In  the  island  of  Martinique,  one  of 

the  West  Indian 
group,  is  situated 
the  volcano  known 
as  Mount  Pelee 
(Fig.  140),  which 
in  May,  1902, 
furnished  an  un- 
paralleled example 
of  the  rapidity 
with  which  a  vol- 
cano can  belch 
forth  destruction. 
From  a  ga.sh  that 
had  formed  in  the 
rim  of  the  crater, 
a  blast  of  steam, 
mixed  with  sul- 
phur dioxide,  dust, 
antl  ash,  swept 
down  upon  the 
town  of  St.  Pierre 


Courtesy  of  Henry  Holt  &  Company 
Fig.  140. — Spine  of  >Iount  PeI6o 


with  a  speed  of  nearly  one  hundred  miles  an  hour.  Trees 
and  buildings  were  hurled  from  the  path  of  the  rushing 
blast,  and  its  intense  heat  of  1,400°F.  destroyed  every 
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form  of  life.  All  the  inhabitanU  of  the  town,  with  a  single 
exception,  were  instantly  killed  by  the  hot  steam  and 
poisonous  gases.  Following  this  eruption  there  were 
others,  during  which  steam  and  ash  were  projected 
vertically  upward  to  a  height  of  nearly  seven  miles. 

245.  Krakatoa.— In  August,  1883,  Krakatoa,  a  small 
island  in  the  Strait  of  Sunda,  was  almost  wholly  destroyed 
by  a  serifs  of  terrific  volranic  disturiMOioes  "ng  over 
several  (iaysaml  <  uiininating  in  themOBt^  i  \])losion 
the  worid  has  ever  experienced.  More  than  one  cubic 
mile  of  rock  was  instantly  shattered  into  fragments.  The 
rt']M  )rt  <  >f  this  explosion  was  hoard  in  Australia,  two  thousand 
rniU-s  away,  and  the  \'iolence  of  the  concussion  was  such 
that  the  walls  of  buiktings  in  Batavia,  one  hundred  mika 
distant,  were  cracked.  Sea  osdUatiQns  were  created  that 
were  distinctly  felt  in  South  America,  and  a  sea  wave, 
moH'  than  one  hundred  feet  in  beighti  swept  over  the 
neiglil>ouring  coasts,  overwhelming  towns  wad  hurling 
ocean  steamships  high  upcm  the  shores.  The  rock  frag- 
ments were  thrown  so  high  that  the  fino'  particles  were 
caught  by  the  upper  currents  of  air  and  carried  all  around 
the  worid.  For  months  these  gave  to  the  sunsets  of  i^aoea 
as  far  distant  as  northern  Eurt^  and  western  ^"»fnfm 
a  peculiar  redcfish  glow. 

Thk  Thxory  or  Volcanic  Action 

246.  Factors.— In  explaining  the  action  of  volcanoes, 
three  thinfi  must  be  accounted  for: 

(1)  The  presence  of  molten  rock 

(2)  The  cause  of  the  expkisive  eniptkn 

(3)  The  source  of  the  enormous  quantity  of  fteam. 

247.  The  origin  of  heat  and  moltwi  rock.  —  We 
know  that  the  interior  of  the  earth  is  highly  heated. 
Thitf  beat  has  been  retained  by  the  thick  non-conducting 
blanket  ct  rock  on  the  surface  of  the  earth.    In  the  case 
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of  the  volcano,  wp  may  add  another  source  of  heat, 
namely,  friction  ;  for  volcanoes  occur  where  earth 
upheavals,  with  folding  and  faulting,  are  taking  place 
most  rapidly.  The  heat  from  these  sources  will  suffice 
to  fuse  all  rocks  that  produce  lava,  provided  the  pressure 
is  sufficiently  reduced.  The  arching  of  hard  resistant 
rocks  under  the  strains  and  pressure  due  to  folding, 
relieves  the  pressure  upon  the  rocks  underlying  them 
to  such  an  extent  that  the  latter  fuse  under  the  intense 
heat.  Since  a  mass  of  molten  rock  occupies  a  greater 
space  than  an  equal  mass  of  solid  rock,  expansion  due 
to  fusion  forces  the  lava  to  seek  an  outlet  along  the  line 
of  least  resistance.  The  pressure  of  expanding  gases,  and 
the  squeezing  force  exerted  by  the  rock  walls  of  the 
reservoir,  as  they  respond  to  the  movements  of  folding 
and  faulting,  also  tend  to  move  the  lava.  Intermingled 
with  the  lava  are  great  volumes  of  superheated  water, 
and  this  water  has  a  direct  action  in  causing  the  explosion. 

248.  The  cause  of  the  explosion. —  As  the  lava  moves 
upward,  it  carries  with  it  the  imprisoned  water,  which 
is  prevented  from  turning  into  steam  by  the  enormous 
pressure  of  the  lava  above  it.  As  the  lava  and  the 
water  rise,  the  pressure  is  rapidly  diminished.  Presently 
a  point  is  reached  where  the  pressure  is  no  longer  sufficient 
to  prevent  the  formation  of  steam,  and  this  takes  place 
with  a  powerful  explosive  force.  Each  particle  of 
water,  suddenly  converted  into  steam,  contributes  its 
share  toward  hurling  the  lava  from  the  crater  and  shatter- 
ing it  into  minute  fragments. 

249.  The  source  of  water  in  volcanoes. — The  problem 
of  the  source  of  the  enormous  volumes  of  water  that 
are  required  to  jrield  the  steam  that  issues  from  volcanoes 
has  not  been  solved  to  the  satisfaction  of  all  geographers. 
It  is  probable  that  surface  water,  which  percolates  through 
the  superficial  strata  or  which  pours  through  fissures  in 
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thr  rarth's  cFUst,  pla3rs  80016  part  in  volcanic  a<-tii>n.  hy 

!»•  titrating  the  region  of  hot  rock,  where  it  Ls  ronvrrted 

:  1 1  <  >  - 1  •  im.    The  fact  that  many  volcanoes,  such  as  Etna, 

i  Vesuvius,  are  in  eruption  more  frecjuently 

seasons  than  in  times  of  drought,  supports 

the  view  that  this  surface  water  sets  into  operation  other 

f  u\  previously  been  ready  to  act.    The  theory 

water  is   derived  from  that  which  was 

•  d  within  the  earth's  strata  when  Uiese  were 

i.y  some  gedogists,  while  those 

•  tesimal  hypothesis  claim   that 

Kreat  quantities  uf   wau>r  were  held  upon  the  surfaces 

<•■'■'  re  combined  in  forming  the  interior 

AmvB.  Dormant,  and  Extinct  Volcanoes 

250.  Distinctioo. — Almost  ail  vdcanoes  have  periods 
of  eruption  and  are  then  described  as  aettpe.  The 
periods  of  activity  are  followed  by  periods  of  rest  When 
the  period  of  rest  extends  Uurough  a  number  of  yewn^ 
and  in  the  meantime  ebulliti<Hi  is  heard  within  the  crater 
ind  steam  arises,  tlie  vdcano  is  described  as  dormant 
When  all  expressions  of  volcanic  energy,  including  the 
discharge  of  steam,  cease,  it  is  customary  to  regard  the 
volcano  as  aHmet  We  cannot,  hofwever,  distinguish 
with  any  degree  of  certainty  an  extinct  from  a  dormant 
condition.  Vesuvius,  prior  to  the  devastating  eruption 
of  70  A.D..  by  which  Herculaneum  and  Pdmpeii  were 
dcfftroytHl,  liad  been  considered  extinct.  No  enipUons 
had  tak(>n  place  for  centuries,  and  forests  were  growing 
within  itu  crater. 

251.  The  extinct  volcanoes  of  Canada.— There  are 
no  Hctive  volcanoes  in  Canada,  but  Uiere  are  many 
•  xtinct  volcanoea,  although  none  of  these  it  of  great  aiae. 
xjme  of  the  conical  mountahi  peaks  of  the  westcni 

p.  O.   N 
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Cordillera  wore  built  up  by  volcanic  action  in  quite  recent 
geological  ages.  Mount  Baker,  Washington,  close  to  the 
Canadian  border,  has  probably  been  in  eruption  at  a 
period  later  tlum  the  Ice  Age,  and  beds  of  volcanic  ash 
of  quite  recent  date  have  been  traced,  covering  large  areas 
of  the  Yukon. 

The  interior  plateau  of  British  Columbia  contains  the 
eroded  and  much  reduced  remnants  of  numerous  vol- 
canoes of  earlier  geological  periods.  Farther  west,  both 
in  the  plateau  area  and  in  the  Coast  Range,  intrusions 
of  lava  between  the  strata  of  older  rock  formations  occur 
on  a  scale  unequalled  elsewhere  in  the  world.  These 
batholiths,  as  the  intrusions  arc  called,  extend  through 
British  Columbia  and  Alaska  for  a  distance  of  more  than 
900  miles  and  over  an  area  having  an  average  width 
of  100  miles.  The  overlying  strata  have  been  bowed  up, 
or  faulted,  by  the  intrusions,  and  the  lava  has  burst 
through  the  fault  fissures  and  spread  over  the  original 
surface,  sending  its  streams  in  every  possible  direction, 
and  thus  producing  a  most  complicated  rock  structure. 
Since  these  formations  descend  to  great  depths,  the 
name  batholiths  (Gk.  Bathos,  deep)  is  appropriate.  The 
Canadian  Shield  contains  the  stumps  of  many  volcanoes 
extinct  for  ages  and  now  worn  to  low,  rounded  knobs. 
Mount  Royal,  at  Montreal,  is  the  most  westerjy  member 
of  a  series  of  extinct  volcanoes  that  rise  from  a  level 
plain  to  heights  of  from  seven  hundred  to  sixteen  hundred 
feet.  Mount  Johnson,  described  in  Section  242,  is 
another  member  of  this  range. 

•     Fissure  Eruptions 

252.  The  meaning  of  fissure  eruption. — Though  vol- 
canic vents  are  usually  small  openings  that  lead  from 
fissures  which  are  located  deep  within  the  earth's  crust, 
many   instances  are   found  of   volcanic  matter  having 
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been  poured  from  the  entire  length  of  fiasures  that 
extended  for  many  miles  across  the  surface  of  the  earth. 
The  geological  history  of  Scotland  shows  that  a  large 
portion  of  the  north  of  that  country  had  its  birth  in  an 
eruption  of  this  kind,  and  that  the  fissure  probably 
extended  to  Iceland,  which  owes  its  origin  to  the  same 
source.  What  appears  to  be  a  remnant  of  this  fissure 
exists  in  the  latttf  island  to  this  day,  in  the  form  of  a 
ch'ft  600  feet  deep  and  nearly  sixty  miles  long.  On  this 
t^h-h  are  several  vcrfcanic  vents,  the  largest  of  which  is 
tara,  one  of  the  world's  most  remarkable  volcanoes. 
.  i.  ;  783  it  poured  out  a  tide  of  lava  such  as  has  probably 
never  beoi  equalled  by  that  of  any  other  volcanic 
t-ruption. 


l>^  111.    CuLuinnar  bsMlt.  rut,  wootiixl 

The  plateau  area  of  the  Cohmibta  Valley  in  British 

<    ' '  ia  and  of  the  States  of  Washington,  Oregon*  and 

la,  forming  a  tract  of  nearly  200,000  square  milsi, 
wius  built  up  by  a  seriee  of  eruptions  ftom  Bssures.     The 
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batholiths  of  wost<»rn  British  Columbia  and  the  Yukon 
are  also  largoly  of  fissure  origin, 

253.  The  decomposition  of  volcanic  rocks. —  Many 
varieti(»s  of  lava  decomixisc  rapidly  under  the  action  of 
weathering  agencies.  The  rich  wheat  lands  of  Oregon 
and  Northern  California  are  the  product  of  the  decom- 
position of  the  volcanic  rocks  of  which  the  plateau  was 
originally  formed. 

When  the  softer  portions  of  volcanic  rocks  have  been 
removed  by  weathering,  peculiar  formations  frequently 
remain.  These  are  composed  of  the  harder  materials. 
Mount  Johnson  has  already  been  described  as  an 
example  of  a  volcanic  plug.  The  Palisades  along  the 
Hudson  River  are  remains  of  fissure  products.  Their 
structure  represents  a  system  of  jointing  that  occurs 
when  lava  from  fissure  eruptions  solidifies.  The  most 
perfect  forms  of  this  system  of  jointing  are  hexagonal 
columns  (Fig,  141).  These  also  compose  thte  walls  of 
Fingal's  Cave  in  Scotland,  and  constitute-  the  Giant's 
Causeway  in  Ireland. 

The  Volcanic  Belts 

254.  The  two  great  volcanic  belts.— With  few  excep- 
tions, the  active  volcanoes  of  the  earth  are  arranged  in 
two  great  belts  (Fig,  142).  One  of  these  borders  the 
Pacific  Ocean,  and  contains  the  volcanoes  of  the  Cor- 
dilleras of  South  America  and  North  America,  those  of 
Victoria  Land,  those  of  the  Aleutian  Isles,  and  those  of 
the  islands  of*  Japan,  Malaysia,  tmd  New  Zealand. 
The  other  belt  borders  the  Mediterranean  and  is  pro- 
jected eastward  along  the  continental  axis  of  Asia  and 
westward  across  the  Atlantic,  where  it  includes  the 
volcanic  islands  of  the  Caribbean  Sea.  In  Mexico  it 
crosses  the  belt  that  was  first  describ*"!    'n'l  its  Pacific 
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extension  contains  the  volcanoes  of  the  Hawaiian  and 
other  tropical  islands. 


Pit.  142.— Volewile  belts 

255.  The  underlying  cause  of  these  belts.— These  belts 
rurn -.iMmd  to  the  lones  where  the  great  crustal  move- 
iiw  nt-^  of  the  earth  are  now  taking  place.  In  earlier  ages 
til*  rr  were  vdcanic  belts  in  existence  along  the  unstable 
M*n  MKirgins  of  thofle  timra.  Many  of  the  volcanoes  oi 
lht'S(-  ancient  beltji  an>  now  extinct.  The  situation  ol 
thc-^4>  lM>lt8  indicat<'s  that  volcanic  phenamena  are 
directly  connected  with  crustal  movements. 


CHAPTER  XIX 

EARTHQUAKES 
General  Characteristics 

256.  The  number  of  earthquakes.— Earthquakes  have 
done  more  than  even  volcanoes  to  shatter  man's  faith 
in  the  stability  of  the  earth.  The  comparison  'Tirm  as 
the  hills"  becomes  idle  words  when  we  are  confrontrd 
with  the  reports  of  the  seismographer,  which  show  an 
average  of  nearly  thirty  thousand  earthquakes  a  year. 
By  far  the  greater  number  of  these  are  slight  tremors, 
unperceived  by  the  senses,  but  recorded  by  the  seis- 
mograph. 

257.  The  use  of  the  seismograph.— The  seismograph 
is  an  instrument  which  has  been  devised  for  detecting 
earthquake  waves  and  testing  their  ^^olence.  By 
observations  taken  at  two  or  three  different  places,  the 
location  of  the  earthquake  can  be  accurately  determined. 


Fic- 142  (a). — Scimiognpb.  P.  H«»Ty  pendulum,  ao  rampded  that  it  does 
not  vibrate  when  tbece  are  earth  tremort.  D.  Rerolvinc  drum  which 
vibratea  with  earth  tramora.  8.  Style  whieb  traoea  the  Tibrationa.  L. 
Macntfyinc  lerara. 

This  was  illustrated  at  the  time  of  the  Yakutat  Harbour 
earthquake  in  1899.  So  isolated  is  this  part  of  the  coast 
that  scientists  received  no  report  of  the  event  until 
several  weeks  after  its  occun^ence.  In  the  meantime 
seismographers  located  the  earthquake  centre  \\ith 
precision,  and  made  a  fairly  accurate  estimate  of  its  effect. 
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258.  E&rthquakcs  dhitiagt^shcd  from  surface  tremors* 
rth  tremors  are  frequently  caused  by  surface  com- 

...v...uas,  such  as  the  jarring  of  a  heavy  wagon  upon  a 
rou|^  road,  the  passing  of  a  railway  train,  the  falling 
•f  the  water  of  a  cataract,  the  concussion  o(  a  rock  blast, 
tc.  These  tremofs  resemble  those  of  earthquakes,  and 
ire  sometimes  called  minor  earthquakes,  but  strictly 
[leakinff.  a  tremor  of  the  earth  is  not  an  earthquake 
ia\em  it  is  caused  by  some  force  that  acts  suddenly 
it  a  |x>int  beknr  the  surface  of  the  earth.    The  effect  is 

0  cause  a  shaking  of  the  earth's  crust  immediately 
•ver  the  point  of  disturbance  or  akmg  a  certain  level 
xtonding  from  ihixi  point.  Earthquakes  are  of  varying 
iegrees  of  intensity,  ranging  from  those  that  can  be 
'-•-•*-'  '"'v  with  the  seismograph  to  those  that  are  of 

t'ttoe  to  topple  down  the  strongest  buildings. 

"  that  have  been  of  this  destructive  nature,  though 

iy  in  the  minority,  have  taken  large  toll  of  human 

ind  have  considerably  modified  the  surface  features 

•t  limited  areas. 

Typical  Earthquakes 

259.  The  Usbon  earthquake  of  l755b--On  November 

1  '     '"''>.  there  occurred  at  Lisbon  one  of  the  most 

^  earthquake  disasters  in  the  worid's  history. 

It  was  pivoeded  by  a  k>ud  rumbling  report  like    the 

explosion  of  a  gigantic  powder  blast.    This  sound  had 

scarcely  ceased  when  the  earth  began  to  rock  and  to 

heave  upward  with  such  violence  that,  withm  a  few 

minutes,  the  buildings  throughout  the  greater  part  of  the 

ritv  worp  thrown  ckmn.    The  people  nsar  the  seashore 

1  it  to  escape  from  the  falling  walk.   There 

i...   waters  at  first  draw  away  from  the  land 

rf>tiim  in  a  huge  wave  that  overwhelmed  all 

\  4(?  on  the  wharfs.    At  almost  the 
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same  instant  a  great  rift  in  the  earth  swallowed  up  the 
wharfs,  and  those  renuuned  buried  l)onoath  600  foot  of 
water.  Within  the  space  of  half  an  !umr,  sixty  thousand 
people  perished  in  this  disaster. 

260.  The  San  Francisco  earthquake  of  J906.— The 
earthquake  that  brought  alwut  the  destruction  of  the 
greater  part  of  the  city  of  San  Francisco  was  loss  disas- 
trous to  human  life  than  the  Lisl)on  earthquake,  but  it 
presented  some  instructive  illustrations  of  earthquake 
phenomena.    Those  who  were  active  observers  of  this 

convulsion  describe 
the  earth  as  rocking 
to  and  fro,  and  as 
having,  at  the  same 
time,  a  movement  up 
imd  down,  so  that  it 
was  impossible  to 
stand  or  to  walk. 
The  walls  of  many  of 
the  stronger  buildings 
wore  cracked,  while 
the  weaker  structures 
were  thrown  from 
their  foundations  (Fig. 
143).  Evidence  of  the 
cau.se  of  this  disaster 
remained  in  the  form 
of  a  great  fault  four 
hundred  miles  in 
length,  with  a  hori- 
zontal shifting  along 
one  side  of  the  fissure,  varying  from  three  to  twenty-one 
feet.  The  vertical  displacement  was  also  variable,  but  at 
no  point  was  there  an  uplift  of  more  than  four  feet.  This 
cleft  passed  close  to  the  western  borders  of  the  city.     The 


Lou::     .  ,  •  (    .•-    Gtoiogical  SuTTty 
Fig.  143.— Buildings  wrecked  by  tbe 
San  Fraodaoo  earthquake 
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•  arthquake  shocks  were  due  to  the  vibrations  set  up  by 
the  <tu(iden  movement  of  enormous  masses  of  the  earth's 

'^  Mch   was  only  the 

•  ply  seated  move- 
iiitin. 

261.   The  Yakutat   Bay  earthquake   of    J899.— For 

winty-sevon     suocfssive    days    during    the    month    of 

^<>ptember,  1899,  the  coast  of  Alaska  was  rocked  by  a 

-  of  earthquake  shocks.    Among  these  were  several 

shook  at  least  a  quarter:  of  a  million  square  miles  (tf 

land  so  violently  that  the  tremors  were  felt  around  the 


KK.  144— r»ult  wlta  tJvov  «r  4M  IMI.  YakuUi.  AlMka 

\vorld.  Since  the  most  violent  disturbances  occurred 
in  nn  nlmost  uninhabited  regioii,  there  wm  probably  no 
l<K«  of  life,  but  seven  prospectors,  who  were  eneamped 
close  to  an  old  fault  Une  in  an  areA  that  was  tlmoit  in 
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the  centre  of  the  disturbances,  had  a  miraculous  escape. 
The  whole  shore-tine  was  deformed  bj'  mov«aient«  of 
rocks.  In  some  places  masses  were  depressed  several 
feet  along  old  fault  planes,  while  in  others  the  broken 
strata  were  upliftotl  from  two  to  forty-«even  feet  (Fig. 
144).  The  mountain  sides  were  tilted  at  various  angles, 
shattering  glaciers  and  precipitating  avalanches  of  snow 
and  ice.  Following  one  of  the  most  violent  disturbances, 
a  huge  wave  rolled  through  the  bay  and  overwhelmed 
stretches  of  forest  fifty  feet  above  sea-level. 

The  Theory  of  Earthquakes 

262.  Tectonic  earthquakes.— A  study  of  the  phe- 
nomena presented  by  many  earthquakes  such  as  those 
described  in  the  preceding  sections,  has  led  to  the  conclu- 
sion, now  almost  universally  accepted,  that  violent  and 
destructive  earthquakes  are  caused  by  the  faulting  of 
large  masses  of  the  earth's  crust  along  great  fractures. 
All  the  three  earthquakes  described  above  present 
examples  of  extensive  rifts  in  the  earth's  surface.  The 
fracturing  and  faulting  are  the  results  of  the  strain  to 
which  the  strata  are  subjected  in  consequence  of  the 
shrinkage  that  takes  place  in  the  interior  of  the  earth. 
To  accommodate  themselves  to  the  changes  in  volume, 
the  strata  lx?come  crumpled  and  folded,  and,  when  the 
strain  of  folding  becomes  greater  than  the  rocks  can 
bear,  they  break,  and  one  or  both  sides  of  the  fracture 
shoot  upward  or  downward.  The  concussion  caused  by 
the  sudden  movement  produces  loud  reports  and  rocking 
of  the  earth's  crust.  Earthquakes  that  originate  in 
this  way  are  called  tecUmic  earthquakes  (Greek — tectonikos, 
pertaininj?  to  building). 

263.  Volcanic  earthquakes.— Records  of  volcanic 
activities  show  that  in  nearly  all  instances  earthquake 
ahocks  of  greater  or  less  magnitude  precede  the  eruptions. 
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Th€«e  shocks  are  probal>I'  I  by  th<»  rnpid  move- 

"t    of   enonnous  rr"--  •"•"   -••'••'"•ranean 

109.    The  concM-  t   the 

ontaining  rook  w  dash- 

mir    into    s«'a    ca*.;-.    iiiui   »«ui3«-r>    ill*     .1.  '!"f'r. 

lirf    i  iikos   caused    in    this  way   are    <  Ic 

'>.      These     are     wiually     lees     viuletit     tlian 

•  arthquakes  and  are  limited  to  smaller  areas  ci 
.  t. 

264.  Earthquake  waves. — To  understand  the  irregular 
.      .1  .-.,,    up-and-do^-n   movements  of  the  land  that 

'■t4>ristic  of  earthquake  waves,  we  must  remem- 
U  r  rocks  are  elastic  and  will  bound  and  rebound 

ion,  just  as  a  pebble  does  when  dashed 
1  a  hard  pavement.  The  shock  caused  by 
th<-  MKidon  displacement  of  a  large  mass  of  matter  sets 
th<-  «l;i.-tic  rocks  \'ibrating,  and  the  vibrations  travel 
oiitwiird  in  all  directions  from  the  centre  of  shock,  com- 
para)  I*  \><  water  ripplee  spreading  from  a  point  whore  a 
IMhhIr  U  dropped  into  a  pond.  And  just  as  water  ripples 
an  n  Hi^  t<^l  from  the  margins  of  a  pond  and  from  floating 
l(>Ks  or  pir<is  of  ice  imtil  the  ripple  system  beoomes 
v<r>-  rotnpl'X  and  irregular,  so  the  earthquake  waves 
Im*<  oriH  •  xtp  till  ly  complex  when  they  encounter  obttacles 
n\ir\i   'AS  -trata   \%ith  different  degrees  of  datticity  or 

f    ■     •  -■—  inglce  to  the  line  of  progrew, 

(•ted  waves.   This  produoea 
such  as  those  that  were 

•  u  iiuiiii^^  iiii-  « ill  iiitjuake  at  San  F^rancisoo  in 

265.  The  velocity  of  earthquake  waves.— Earthquake 
wavee  may  travel  far  from  the  shock  centre.  In  many 
rases  they  pass  completely  around  the  worid.  The 
w-ave  dimini.Hhes  in  intensity  as  the  distance  from  its  point 
of  origin   increases.    Earthquake  waves  move  axpund 
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the  earth  at  the  rat«  of  nearly  tv;o  miles  a  second,  but 
their  velocity  through  the  earth,  that  is  along  the  line  of 
the  earth's  diameter,  is  much  greater,  being  more  than 
six  miles  per  second. 

265.  Succession  of  shocks. — The  complexiis  <.i  the 
earthquake  wave  is  sufficiently  great  to  account  for  the 
duration  of  the  shock  through  several  seconds  or  even 
minutes.  A  succession  of  shocks  extending  over  a  period 
of  many  days,  as  in  the  case  of  the  Yakutat  Bay  series, 
is  explained  by  the  fact  that  there  is  a  succession  of 
crust  al  movements  and  displacements,  accompanied  by 
grinding  and  tearing  as  the  edges  of  the  fault  planes 
move  one  against  the  other. 

267.  Surface  changes  caused  by  earthquakes. — 
Although  earthquakes  have  caiLscd  several  of  the  most 
appalling  disasters  that  have  visited  mankind,  they  have 
made  comparatively  little  impression  upon  the  geographical 
features  of  the  earth. 

Here  and  there  are  to  be  found  fault  lines  that  have 
so  weakened  the  crust  as  to  permit  streams  to  begin 
their  work  of  erosion. 

Occasionally,  earthquakes  have  been  accompanied  by 
the  settling  of  considerable  areas  of  the  earth's  crust, 
and  the  depression  has  become  the  bed  of  a  lake.  An 
instance  of  this  occurred  in  the  Mississippi  Valley  during 
the  earthquakes  of  1811-1813,  when  lai^e  areas  were 
depressed,  and  are  now  covered  with  water  in  which  the 
original  forests  are  still  standing. 

Rivers  have  been  drained  into  earthquake  fissures, 
and  springs  have  been  obliterated,  or  new  ones  have 
been  formed.  Temporary  spouting  springs  have  been  pro- 
duced by  the  pressure  of  the  mo\ing  strata  forcing  large 
quantities  of  sand  and  water  to  spurt  out.  The  expelled 
sand,  by  collecting  around  the  outlets,  has  built  up  sand 
(xmes,  with  crater-like  depressions  in  their  summits. 


EARTHQUAKES  307 

Earthquake  Belts 

268.  Earthquake  belts  are  coincident  with  volcanic 
belts. — Therp  are  two  earthquake  belts,  and  these  are 
'-fiincident  with  the  two  volcanic  belts  (Fig.  142).     In  the 

<>lt  around  the  Pacific  Ocean,  approximately  fifty-seven 
-^T  cent  of  all  recorded  earthquakes  have  occurred.  In 
le  other  belt,  which  borders  the  Mediterranean  and 
;mblM>]in  Seas  and  extends  across  the  Atlantic  and  Pacific 
'  '  T  '  V  forty-one  per  cent  of  all  recent  cart hquakee 
lv<  i.t.i  titt  ir  centres.  Nearly  all  sea-quakett,  that  is, sea 
i()vement.s  tliat  indicate  subnutrine  earthquakes,  occur 
1  tbi:5  Ih'H. 

Earthquakes  in  Canada 

269.  Onada  is  relatively  free  from  earthquakes. — 
Many    people    living   in   Ontario  have  expenenceii   the 

•'osatknis  of  mild  earthquake  slKX^ks,  such  as  rumbling 

•  >unds  and  earth  tremors  which  shake  the  walls  or  cause 

lishes  to  rattle,  but  seldom  have  any  shocks  more  violent 

fian  these  disturbed  eastern  Canada.     A  few,  however, 

f  sufficient  violence  to  attract  the  attention  of  the  his- 

lorians,  have  occurred  within  historic  times.    Noteworthy 

among  those  is  the  one  recorded  by  the  Jesuit  priests  in 

I «,(,',.     The  shocks  were  most  violent  in  the  St.  Lawrence 

V,  but  were  felt  as  far  away  as  Boston.    In  eastern 

in  the  ground  rocked,  and  the  trees,  with  their 

'        interlocked,   swayed    back    and    forth    until 

■)moet   touched   the  ground.    The   Indians, 

these  stranfB  moveoMnti,  dedared  that 

were  dnmk. 
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CHAPTER  XX 

PLAINS  AND  PLATEAUS 

General  Description 

270.  The  general  characteristics  of  plains.  —  The 
common  definition,  "A  plain  is  a  level  area  of  low-lj'ing 
land,"  while  expressing  the  tj^je  features  of  plains,  falls 
far  short  of  conveying  a  conception  of  the  numerous 
varieties  of  areas  that  are  included  under  the  term. 
When  it  is  said  that  plains  are  level,  the  meaning  is  that 
they  lack  the  broken  and  rugged  physical  features  of 
mountains.  But  plains  have  many  degrees  of  levelness, 
varying  from  the  monotonous  flatness  of  such  plains  as 
those  of  Manitoba  and  Saskatchewan  (Fig.  145)  to  the 


CouiUiy  oj  ihc  CciiuJudu  I'acific  Ratlway 
Fig.  145. — A  levei  plain.  Saskatchewan 

undulating  diversity  of  those  of  which  eastern  Alberta 
and  southern  Ontario  are  types.  The  latter  have  only 
small    portions  that  are    actually   level,  but   they   are 
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(ievoiu  ot  {Tiountainous  irregularities  (Fig.  146).  Plains 
are  low-lying  in  the  sense  that  they  do  not  rise  coor 
spicQously  above  their  surroundings. 


iZS: 


PIc.  Ha— AwopliBi  Ttow  of  trntml^ 

271 .  The  general  charactrrirtfcs  c 
rimtomar}'  to  define  a  plateau  as  an  :> 
<<>ti.piruous  hel^t  and  presents  a  ooosideraUe  extent 
of  level  surface.    Here  again  a  brief  definition  faib  to 
<>xpresB  the  many  variations  of  meaning  that  are  asso- 
ciated   with    a    compn>hensive    geographic    term.    For 

'Ma 
■fir 


'    t  portion  of  the  ProTinee  of  Brr 
.  t\rrm  the  Coast  RaagB  an 
nita  lateau  which  has  a  I 

<!  with  an  averagi 
It  is  caDed  a  plati 
n    in  altitude  i»  ntmily  three  thotwand  fc<*t,  m 

'"•<1  with  deep  v 
^  >f  the  diaractrr  ■ 

plain  (FiK.  147).    On  the  other  hand,  alt 
'       Tnitod  States  rises  pa<i    ' 
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of  the  Mississippi  until  it  refM;hee  an  altitude  of  five  thou- 
sand feet,  it  is  not  described  as  a  plaU'au,  but  is  regarded 
as  a  part  of  the  Great  Central  Plain.  The  grailual  a^scent 
and  the  fact  that  the  plain  is  overshadowetl  by  the  Rocky 
Mountains,  which  form  its  western  l)Oundar>',  detract 
from  the  impressiveness  of  its  character  as  a  plateau. 


Court€sy  </  Ikt  G««loiical  Surny,  Canada 
Fig.  147. — A  plateau.  British  Columbia 

In  contrast  with  the  last  example,  the  Appalachian 
area,  which  lies  along  the  eastern  margin  of  the  CJreat 
Central  Plain,  is  called  the  Appalachian  Plateau,  although 
it  rises  to  a  height  of  only  one  thousand  feet.  In  this 
case  its  character  as  a  plateau  is  accentuated  by  the 
fact  that  it  towers  conspicuously  above  the  adjoining 
plain. 

Origin  op  Plains 

272.  Marine  plains.  —  The  ocean  shores  of  many 
countries  consist  of  plains  that  have  originated  in  various 
ways.     In  a  preceding  chapter  we  learned  that  sediment 
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earriml  by  rivers,  ocean  waves,  glacien,  and  other  agen- 
dee,  i»  dcpofdted  upon  the  bed  of  the  sea  along  the  margins 
of  the  continents.  Owing  to  the  constant  movement  of 
the  water,  any  depressions  in  the  ocean  floor  are  fillo<i 
with  those  deposits.  Subsequent  elevation  of  this  floor 
above  the  level  of  the  sea  results  in  the  exposure  of  a 
plain,  ^»ith  its  seaward  edge  slo^Mng  below  the  water. 

The  eastern  coast  of  the  United  States,  from  New 
York  southward  to  Florida  is  a  fairly  continuous  plain, 
var>'ing  in  width  from  sixty  to  one  hundred  miles.  It 
'-HKinated  in  the  way  just  described. 

The  plain  extending  eastward  from  Perth  to  Montreal, 
and  southward  past  Lake  Champlain,  contains  fossils  of 
marine  forms  and  bears  other  evidences  that  it  was 
formed  in  a  similar  way  along  the  shores  of  a  sea  which 
gradually  rccede<i  omng  to  the  elevation  of  the  land  at 
the  close  of  the  glacial  age. 

Barrier  beaches,  bars  across  harbours,  and  salt-marshes, 
are  all  examples  of  marine  plains.  For  descriptions  of 
the  origin  of  these  see  Sections  213,  212,  214. 

273.  River  plains.— Great  areas  of  all  the  continents 

nnint  of  pUins  that  are  in  large  measure  due  to  sedi- 
nicntar>'  deposits  frcnn  rivers.  Rivers  are  not  only 
important  eroding  agents  themselves,  but  they  are  also 
the  carriers  and  distributors  of  the  detritus  produced 
on  the  uplands  U  the  continents  by  weathering  and 
other  eroding  agmdes.  In  oonsequcnoe  d  this  disposal 
of  nmterials,  we  have  in  Asia  the  great  plains  of  the 
II  *To,  the  Ganges,  and  the  Euphrates;   in  North 

A I  lie  plains  toward  the  moutli  of  the  Mackeniie 

and  of  the  Mississippi;  and  m  each  of  the  other  conti- 
nents areas  of  very  considerable  extent,  which  originated 
from  sediment  carried  by  rivers. 

River  deltas  and  alluvial  fans  (Sees.  166,  166)  are 
examples  of  plains  that  have  been  fonned  lirom  tedimcnt 

I-   O       21 
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carriwi  from  the  highlands  by  streams.  In  thrs«-  ( a-rs 
the  deposition  takes  place  over  a  somewhat  liniiti'd  an  :i, 
as  a  result  of  the  sudden  check  given  to  the  velocity  of  the 
currents.  In  delta  formation  this  check  is  due  to  contact 
with  the  waters  of  the  sea  or  of  a  lake ;  and  in  alluvial 
fan  development  it  is  caused  by  a  stream  from  a  steep 
slop*'  spn^ading  out  upon  the  surface  of  a  level  plain. 

274.  Drift  plains. — Glaciers  have  played  an  important 
part  in  the  formation  of  plains  on  nearly  all  continents, 


L  >,  Cunotiti 

Fig.  148. — Moralnlc  topography,  near  Aurora.  Ontario 

and  particularly  in  Europe  and  North  America.  During 
the  ice  age  glacial  drift,  consisting  of  rock  flour  and 
other  material  torn  from  the  strata  over  which  the  glaciers 
passed,  was  spread  out  over  a  large  portion  of  southern 
Canada  and  a  considerable  area  of  the  northern  United 
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^tat€«.    This  drift  extended  in  the  west  down  to  the 

:illey  of  the  Miasouri   River,  and  in  the  east  into  the 

':\rr  of   New  Jersey.    The  drift  obliterated,   in   large 

.  ;t>ure,  the  inequalities  of  the  rocks  over  which  it  was 

n'wn  and  converted  the  area  into  a  great  drift  plain. 

'  "i"'-  here  and  there  throughout  the  southern  part  of 

•no,  as  at  CoUingi^'ood,  Hamilton,  and  a  few  other 

pi  i>  i-s,  do  ridges  of  the  almost  buried  rocks  rise  above 

■-'"^0.    The  plain-like  monotony  is  further  relieved 

w  vallcj's  which  have  been  cut  by  streiims,  and 

'  'y  lines  of  morainic  hills  that  rise  from  fifty  to  two 

1        -   '  feet  above  the  general  level  (Fig.  148).     These 

I. .  .uterspersed  with  small  lakes  or  \vith  marshes  and 

swamps,  which  have  been  produced  by  the  filling  up  of 

smnll    lake   beds   with    sediment   and   decayed   matter. 

1  !.•  soil  of  this  drift  plain,  since  it  is  derived  from  almost 

\-er>'  kind  of  rock,  is  unsurpassed  in  the  variety  of  its 

tnincral    components,    which    furnish    an    almost    inex- 

haiLstible  supply  of  inorganic  plant  foods. 

275.  Lake  plaias. — These  plains,  as  their  name  im- 
plies, the  beds  of  lakes.    Some  of  these  were 
gradu             •!  with  sediment  from  rain  wash  and  rivers, 
together  with  the  remains  of  plants  that  once  grew  around 
the  margins  and  in  the  shallow  waters.    Their  growth 
has  been  gradual — the  lakes  sbwly  changing  to  marshes, 
le  marshes  to  swamps,  and,  finally,  the  swamps  to  dry 
ind.    Numerous  examines  of  these  tranidtinnal  stages 
nay  be  seen  fai  all  parts  of  Ontaria 
Among  the  world's  most  noteworthy  Uke  plains  are 
!{ed  Raver  Valley  and  that  part  of  Northeni  Ontario 
is  known  as  the  ''Clay  Belt.'' 
The  eastern  prairie  steppe,  of  which  the  Red  River 
Valley  forma  the  greater  part,  is  the  rite  of  a  glacial  lake 
known  to  geologisti  as  Lake  Agaais.    Thb  waa  a  body 
f  fresh  water  whose  area  waa  greater  than  the  combined 
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areas  of  the  present  Great  Lakes.  It  became  partly 
filled  with  silt,  carrie<l  into  it  by  the  waters  of  the  retreat- 
ing glivciers,  and  with  the  n*mains  of  aquatic  and  shore 
plants.  The  melting  of  the  glaciers  opened  drainage 
channels  to  the  north,  and  the  water  drained  away, 
wth  the  exception  of  that  in  a  few  depressions,  such  as 
the  site  of  the  present  Lake  Winnipeg.  Thus  there 
were  brought  into  existence  the  very  level  and  extremely 
fertile  lands  of  Dakota,  Minnesota,  and  southern 
Manitoba. 

The  Clay  Belt  of  2surtiiem  Ontario  is  a  vast  area 
composed  largely  of  stratified  clay  and  sand.  One  line 
of  the  Canadian  National  Ilailways  runs  through  it  from 
east  to  west  for  more  than  five  hundred  miles.  It  occupies 
the  site  of  a  great  lake  which  Professor  A,  P.  Coleman  has 
named  Lake  Ojibway.  This  lake  had  a  history  similar  to 
that  of  Lake  Agassiz,  for  it  was  formed  by  the  damming 
back  of  the  waters  of  the  melting  glacier  as  it  retreate<i 
northward.  The  lake  at  one  time  occupied  an  area  of 
nearly  50,000  square  miles,  and  its  south-eastern  portion 
extended  even  across  the  Height  of  Land  into  the  Ottawa 
basin  in  north-western  Quebec.  Sediment  was  carried 
into  it  by  glacial  and  other  streams;  and  this,  mingled 
with  the  vegetable  matter  produced  by  plant  decay, 
constitutes  the  remarkably  fertile  soil  of  this  great  plain. 
While  the  surface  of  the  lake  deposits  is  in  general  very 
level,  it  is  intersected  by  numerous  ridges  of  I^urentian 
rocks  and  moraines  of  glacial  drift. 

276.  Plains  of  erosion. — In  the  chapter  on  weathering 
and  erosion,  and  in  that  on  rivers,  we  learned  that  many 
agencies  are  at  work  reducing  mountains,  broadening 
valleys,  and  lowering  di\ides;  in  brief,  these  forces  are 
engaged  in  converting  hills  and  mountains  into  plains. 
The  changes  take  place  very  slowly,  and  long  periods 
are  required  to  produce  noticeable  results,   but  some 
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\ten8i\'e  plains  h&ve  been  produced  in  this  way.  A 
surface  reduced  by  erosion  almost  to  base  level,  so  that 
mo0t  of  it  is  apinoximately  plain,  is  called  a  peneplain 
ahnost  plain)  (Fig.  149).  The  Canadian  Shield  is 
a  good  example  of  a  peneplain  fonned  by  the  erosiGn  of 
an  ancient  mountain  system.    These  mountains  bdcnged 

>  early  geological  ages,  and  have  been  reduced,  with 
the  exception  of  that  portion  which  constitut<^  the 
mountains  of  Labrador,   to  a  comparatively   low,  un- 

ilating  area  of  knoUs,  with  an  occasional  higher  peak 
— the  renmant  of  a  mountain  mass  that  was  ccunposed 


'  OrvmtK»i  itmrwrw,  C 

?%.  140— I  < '»mpi>«Uford. 

of  more  resistant  rock  than  its  netghbours.  The  altitude 
of  this  peneplain,  at  its  highsii  pari,  is  only  about 
1.600  feet,  or  about  the  same  M  that  of  the  plains  of 
-iskatchewan.  The  valley  of  the  Rhine  and  the  laiger 
portion  of  the  New  Ei^^itaod  States  are  other  eaounplei 
of  plains  which  originated  in  the  eraskai  of  anciait 
ighlancK  An  mtermediate  state  is  Olustnted  by  the 
<>und-shoukkrcd  "Bcm"  of  the   ScoUkh   Highlandi. 
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These  mountHiiL>^,  s<'ldom  more  than  3,000  feet  high,  ar«' 
the  stunips  of  the  ancient  and  much  loftier  Caledonian 
Range,  which  is  now  reduced  almost  to  a  plateau. 

Origin  of  Plateaus 

277.  Plateaus  doe  to  crustal  movements. — We  have 
learned  in  prece<iing  pages  that  the  surface  of  the  solid 
earth  is  not  stable.  The  Temple  of  Serapis  (Sec.  198) 
sank  below  the  level  of  the  sea  and  then  rose  again,  and 
similar  changes  have  taken  place  in  other  parts  of  the 
world.  We  have  already  studied  the  horizontal  thrusts 
that  give  rise  to  mountain  folds;    but,  in  addition  to 


Pig.  lao. — Oulch  In  a  Yukon  plateau.     Hydraulidng  for  gold  in  progress 

these,  there  are  vertical  movements  that  cause  elevation 
or  depression  of  large  areas  of  the  earth's  crust,  without 
throwing  the  strata  into  folds.  One  of  the  effects  of 
movements  of  the  latter  class  is  to  elevate  large  portions 
of  the  earth's  crust  to  such  heights,  or  into  such  con- 
spicuous relief  agfunst  surrounding  areas  that  they  are 
recognized  as  plateaus.  The  giant  plateau  of  the  Yukon 
Territory  made  famous  by  the  Klondike  gold  fields,  was 
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produced  in  a  relatively  recent  geological  period  by  the 
'  of  a  peneplain  (Fig.  150).  Subsequent  to  ita 
'....:.. a  the  surface  has  been  deeply  trenched  by 
rivers,  the  erosive  powers  of  which  were  much  increased 
by  the  greater  height  of  the  area. 

278.  Plateaus  of  accumolatioo.— The  origin  of  some 
plateaus  is  ascribed  to  the  accumulation  of  deposits  on 
the  surfaces  of  former  plains  or  mountain  vallejrs.  The 
plateau  of  the  Columbia  River  is  a  noteworthy  example. 
Here,  over  an  area  of  200,000  square  miles  in  Washington, 
Idaho,  and  Oregon,  is  a  soies  of  lava  sheets  overlying 
one  another  to  a  depth,  in  places,  of  more  than  4,000 
feet.  This  plateau  arose  upon  a  mountain  area,  from 
the  successive  outpourings  of  molten  rock  through 
tissures  in  the  earth's  crust.  The  earliest  floods  filled 
the  valleys;    the  Uter  floods  submerged  the  summits  of 

mountains.  The  i^teau  of  Iceland  and  that  td  the 
I)<<.in  of  India  also  originated  in  accumulatiooa  of 
lava. 

(•n-inland  and  Antarctica  are  ioe  jdateaus  that  have 
t>orn  built  up  by  the  gradual  increase  in  the  thickness 
•  >f  t  ho  ire  sheets  that  cover  the  land.    As  far  as  has  been 

rmined,  the  land  consists  for  the  most  part  of  broad 
w...  <omparatively  km  TaUeys,  interspened  with  moun- 
tain ndges.  The  ice-cap  that  eoveis  neariy  all  Green- 
land, with  the  exception  of  a  narrow  fringe  of  ooast4ine, 
hai*.  in  the  interior  of  the  island,  a  thickntw  of  four  to 
fiv«>  thousand  feet  The  fee-fiekl  of  the  plateau  of 
AntarcUca  is  estimated  to  be  at  leftst  10,000  feet  thkk. 

Tbb  Erosion  or  Plains  and  Plateaus 

279.  The  wUd  of  pialni.— Sinoe  pbim  ve  usually 
low-lying  and  comparatively  level,  their  features  of 
roliff  are,  upon  the  whole,  less  striking  than  those  of 
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mountains  or  plateaus.  Rivers  cut  channels  into  their 
surfaces,  and  valleys  of  mild  relief  are  gradually 
developed. 

280.  The  relief  of  plateaus.— The  abrupt  descent  of 
plateaus  towanl  a<ijoining  areas  gives  such  high  velocity 
to  the  streams  that  gorges  and  canyons  are  often  prom- 
inent features  (Sec.  161).  Waterfalls  and  rapids  are 
also  of  frequent  occurrence  along  the  margins  of  steep 
descent.  The  variation  in  the  hardness  of  the  strata  of 
which  plateaus  are  composed  is  another  cause  of  their 
erosion  into  features  of  striking  irregularity.  Prominent 
among  the  features  resulting  from  irregular  erosion  are 
the  table-shaped  mounds  with  flat  tops  which  are  found 
on  many  arid  plateaus.  These  formations  have  given 
rise  to  the  name  table-land  as  a  synonj-ro  for  plateau.  In 
western  Canada  and  in  the  western  United  States  these 
table-lands  are  known  as  mesas.  The  flat  top  is  composed 
of  a  horizontal  stratum  of  great  resistance,  which  remains 
after  a  great  deal  of  the  softer  strata  underlying  and 
adjoining  it  has  been  removed  by  weathering  and  erosion. 
Gradually  the  margins  of  the  projecting  shelf  break  off 
from  their  own  weight,  and,  finally,  the  whole  top  is 
destroyed.  Other  hard  horizontal  layers  at  lower  levels 
may  form  a  succession  of  tops,  and  thus  mesas  of  different 
heights  may  exist  upon  the  same  table-land. 


CHAPTER  XXI 
ISLANDS 

Classification  of  Islands 

281.  General  relationships.— In  the  chapter  dealing 
with  shoro-Unes,  referenoe  was  frequently  made  to 
islands,  because  by  virtue  both  of  position  and  of  mode 
of  origin,  many  islands  rank  among  the  most  important 
of  shore  features.  There  are  many  islands,  however, 
which  are  far  removed  from  coasts  and  which  have  not 
originated  in  the  modification  of  8hore-4ines.  Hence, 
when  considered  from  the  view-^xNnt  of  their  relation- 
ships, JalftnAi  are  either  eontinmtal  or  oceanic.  Con- 
tinental islands  are  parts  of  continental  areas  which  have 
in  some  way  been  separated  frcxn  the  main  masses,  while 
oceanic  islands  are  prominences  rising  from  the  beds  of 
oceans  and  having  no  direct  relationship  to  the  great 
land  areas  ol  the  world. 

Continental  Islands 

282.  The  characteristics  of  continental  islands.— 
Continental  islands  are  either  continuaticns  of  the  ridcn 
upon  the  great  land  areas  and  are  oompoeed  of  the  same 
kinds  of  rock  as  these  areas,  or  they  are  the  accumula- 
tions of  detritus  eroded  from  the  main  land  meswui 
They  are  usually  separated  from  the  latter  by  com- 
paratively narrow  and  shaUow  bodies  of  water. 

283.  The  origin  of  cootincDCal  klaadb— In  many 
instancis  coastal  lands  of  stroog  relief  have  sunk,  until 
the  lem  elevated  portions  are  oompletely  mbmerfed  and 
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the  more  elevated  areas  are  left  projecting  above  the 
sea. 

Some  of  the  world's  largest  islands  have  been  separated 
from  the  continental  masses  in  this  way.  Iceland  and 
the  British  Isles,  including  the  Orkney,  Shetland,  and 
Faroe  Islands,  represent  the  unsubmerged  portions  of 
a  plateau  that  formerly  extended  from  the  north-western 
part  of  Europe  to  Greenland.  Newfoundland  became 
detached  from  the  mainland  of  North  America  by  the 
submergence  of  the  area  which  is  now  the  bed  of  the 
Gulf  of  St.  La>*Tence.  The  presence  of  coal  formations 
in  the  strata  under  the  Gulf  proves  that  these  strata 
were  formerly  above  seaJevel.  On  the  western  coast 
of  Canada,  Vancouver  Island  has  been  detached  from 
the  mainland  by  the  sinking  of  the  coastal  region,  and 
the  consequent  submergence  of  a  mountain  valley, 
which  now  forms  the  bed  of  the  Strait  of  Georgia.    Many 


LvuiUiy  oj  Ike  CtoiofKol  Surrty,  Canmia 

Fl«.  161— A  nord  at  Pt.  BurweU.  Labrmdor 

of  the  small  islands  off  the  coasts  of  Norway  and  Scotland 
were  likewise  produced  by  the  submergence  of  the 
connecting  lands. 

Islands  are  sometimes  detached   from   the  mainland 
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by  erosion.  Waves  often  so  erode  a  coast  as  to  isdate 
small  masses  of  resistant  rock  (Fig.  116).  Rivers 
sometimes  cause  the  eroeioa  of  j<Mnted  rocks  in  such 
a  way  that  irregular  islands  are  formed  (Fig.  65). 
several  groups  of  islands  in  the  rapids  above 
.\.»gara  Falls  are  representatives  of  this  t>'pe.  Glacial 
ertmrm  is  also  reqxmsiUe  for  the  isolation  of  coastal 
noes,  thus  forming  them  into  islands.  Many  of 
..<  i.-..i>ids  on  glaciated  coasts,  such  as  those  of  Norway, 
liabrador,  and  soutb-eastem  Alaska,  were  formed  by 
Rl:k<  iere  in  their  descent  from  the  land  to  the  sea 
(I'ig.  151). 
Inlands  fOTmed  from  the  sedimentary  deposits  of 
^  have  been  described  in  the  chapter  on  shore-lines 
<•>< .  212),  and  also  in  the  chapter  on  rivers  (Sec.  165). 
These  include  ddtas,  such  as  those  at  the  mouths  of  the 
St.  Clair,  the  Mississippi,  and  the  Hwang  Ho;  off-shore 
bars,  such  as  that  inclosing  Toronto  Bay  and  those 
along  parts  of  the  Texas  coast  of  the  Gulf  of  Meadoo; 
and  alluvnal  islands  that  lie  within  the  channels  ci 
rivrrs.  Examples  oi  the  latter  are  found  in  many 
C.'uiadian  streams.  They  are  due  to  the  depositk»  of 
sediment  at  points  where,  for  any  reason,  the  speed  of 
the  current  is  checked,  or  to  an  obstruction  that  causes 
a  (iivi^'i•>n  of  the  stream  so  that  a  part  of  the  flood  plain 
lx>cotn(?<  inclosed  between  two  channels. 

OosAXio  Islands 

284.  The  origin  of  oceank  falands.— Among  idandi 
nf  tlie  oceanic  type  are  included  those  formed  by  the 
iccumulatkm  of  material  dlseharfed  during  submarine 
volcanic  eruptioiis,  by  which  cooes  have  been  raised  from 
the  ocean  bed  above  the  surface  of  the  ssa  (Fig.  152). 
These  are  frequently  far  out  fai  the  oosan  and  sometlmss 
occur  in  grouiM  or  in  chains.    The  Hawaiian  Islands  of 
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the  Pacific  and  the  Azores  of  the  Atlantic  originated  in 
submarine  volcanic  action. 

In  some  instances  oceanic  islands  arose  from  the  bed 
of  the  sea  by  the  slow  process  of  mountain  building,  and, 

in     consequence 
of  this,  tlu'V occur 
r        in  chains.     The 
Islands  of  Japan, 
-        the  West  Indies, 
^^    and  the  New 

Fig.  152 —St.  Paula  Rock,  a  volcanic  cone  Zealand        gTOUp 

lnlheAUanUcOc«ui  ^^^^^        f^^       ^^^ 

most  part,  raised  from  the  ocean  bed  by  this  process  of 
crustal  folding. 

By  far  the  larger  number  of  oceanic  islands  are  com- 
posed of  a  stony  framework,  a  considerable  part  of 
which  is  made  up  of  limestone  secreted  by  small  animals 
called  coral  polyps.  The  shapes  of  the  coral  vary  with 
the  species  of  polyps  that  compose  the  colony.  The 
branching  varieties  of  coral  play  the  most  important 
part  in  the  formation  of  reefs. 

285.  The  conditions  necessary  for  coral  growth. — 
The  distribution  of  coral  islands  over  the  ocean  depends 
upon  the  suitability  of  the  water  for  sustaining  the  life 
of  the  polyps.  The  following  conditions  are  necessary 
for  their  existence:  (1)  The  temperature  of  the  water 
must  never  fall  below  68**F.  (2)  The  water  must  be 
shallow,  because  the  polyps  do  not  work  at  a  depth 
greater  than  120  feet.  (3)  The  water  must  not  be  more 
or  less  salty  than  ordinary  sea-water.  Few  coral  for- 
mations are  found  in  seas  receiving  large  volumes  of 
river  water.  (4)  The  water  must  be  free  from  mud  and 
river  sediment.  These  conditions  are  found  only 
between  parallels  30**  north  and  30**  south  and  on  the 
eastern    coasts    of    continents    within    these     latitudes. 
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Hence  the  great  coral  formations  of  the  worid  are  on 
the  east^coastfl  of  America,  Asia,  Africa,  and  Australia, 
toward  which  the  trade-winds  are  continually  moving 
the  warm  surface  water  of  the  ocean.  The  warm  ocean 
currents  occasionally  extend  the  c<mditions  suitable  for 
coral  growth  beyond  their  usual  latitudes,  as  in  the  case 
of  the  Bermudas. 

286.  Types  of  coral  islands.— There  are  three  distinct 
types  of  coral  island  formations:  (1)  the  frinfflug  rrrf, 
which  lies  close  to  a  shore,  being  separated  from  it  by  a 
narrow,  shallow  lagoon ;  (2)  the  b€urier  reef^  which  runs 
l>arallpl  to  the  shore  at  a  considerable  distance  from  it. 
The  inclosed  water  is  frequently  of  sufficient  depth 
and  extent  to  permit  of  navigation  by  ocean-going 
vessels.  The  Great  Barrier  Reef  extending  along  the 
eastern  coast  of  Australia  is  1,200  miles  in  length  and  is 
from  twenty  to  one  hundred  and  fifty  miles  fnmi  the 
"•lion-.  '3)  The  ahJI,  which  is  a  circular  reef  inclosing 
a  -h.^  t   of  w;it«r  (V'lfi.  153). 


Fix    taS.— An  muM.  CmrxAlxuk  Ub 


Thr  rrffx  seldom  rise  more  than  twenty  feet  above 
the  level  of  the  sea,  and  fai  many  cit 
are  submerfed.    The  hidden  portion^  ..:  ^ 

aees  to  navigatko. 
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287.  How  a  coral  island  is  completed. — The  coral 
polyp  cannot  build  alx)ve  the  water,  but  bnmrhes  of 
coral  are  broken  off  and  thrown  by  the  waves  upon  a 
slightly  submerged  reef.  Seapshells  and  sea-weeds  are 
added  to  this,  until  the  accumulated  matter  rises  above 
the  surface  of  the  sea.  Pieces  of  broken  coral  are  ground 
into  sand,  which  fills  up  the  spaces  l)etween  the  branches 
of  coral.  Water  containing  lime  solutions  percolates 
through  the  mass  and  gradually  cements  it  into  solid 
limestone.  Drifting  pumice  and  sea-weed  become  stranded 
upon  the  beach,  and  these,  mixed  with  coral  sand,  form 
the  soil  upon  which  seeds  that  are  carried  by  winds  and 
currents  take  root.  Plant  life  invites  bird  and  insect 
life,  and  an  inhabited  coral  island,  with  its  typical  plants 
and  animals,  has  been  completetl. 

288.  Darwin's  theory  of  coral  reefs.  —  Although 
the  coral  polj-p  can  live  and  work  only  in  shallow  water, 
many  barrier  reefs  and  atolls  arise  from  ver>'  deep  seas. 
Several  theories  have  been  advanced  to  explain  this 
anomaly,  but  no  one  theory  has  been  found  adequate  to 
account  for  all  the  facts. 


Pig.  154. — niu<>tratiii«  Danrin'a  theory  of  deep-sea  coral  formation — 
A,  original  volcanic  islands  :  B,  B.  B.  coral  formation.  1, 
2.  3.  niic <:  nasi irnlnv nil  of  the  sea  at  the  fringing  reef,  barrier 
reef,  and  atoU  stages,  respectively 

From  investigations  made  during  his  voyage  on  H.M.S. 
Beagle,    Darwin   reached    the    conclusion   that    fringing 
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Kually  by  volcani 
irface  of  thf 
:„mg  rerf  was  f' 
•  ached  the  surfa< 


reefs,  harrier  reefs,  and  atoUs  are  all  of  similar  origin 
(Fig.  154).  He  concluded  that  all  three  are  built  around 
oceanic  islands  whirli   have  risen  from  deep  sea-beds, 

If  the  ocNral  ring  rooe  above 
iuut  subsidence  taking  place,  a 
If,  after  the  fringing  reef  had 
sea,  subeidenoe  occurred,  the 
uUand  and  the  Itasc  uf  the  re<>f  might  be  lowered  as  fast 
as  the  coral  colony  could  build  upward.  In  this  way  the 
fringing  reef  would  be  changed  eventually  into  a  barrier 
re<-f.  and  finally  into  an  atoll. 

Si-veral  observers  have  pointed  out  that  atolls  are 
found  in  areas  that  are  rising  as  frequently  as  in  those 
that  are  subsiding — a  fact  which  exposes  a  weakness  In 
Dnru-in's  theory. 


tHS^M*  Md' 


•  Umoit  or  _. 


eonJ  buUi 
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289.  Sir  John  Murray's  theory  of  coral  fcds.— Sir 
rray  believed  that  every  barrier  reef  and  every 

Its  base  upon  a  deep-^ea  plateau  or  upon  the 

wave-denuded  stump  of  a  volcanic  iilaiid  (Fig.  1&5). 
i'he  coral  polyps  buiU  upon  this  bate,  and  the  great  depth 
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of  the  barrier  rwf  or  of  the  atoll  is  aocountetl  for  by  tho 
fact  that  the  coral  branches  which  break  off  on  the 
exterior  of  the  reef  slide  down  the  steep  sloping  surface, 
and  thus  a  wider  foundation  is  gradually  fonno<i  upon 
which  the  coral  ring  can  be  extended.  Meanwhile  the 
interior  of  the  ring  Is  disintegrating,  because  no  new 
growth  can  take  place  in  the  inclosed  water  (Sec.  285), 
and  the  old  coral  is  dissolved  by  chemicals  contained  in 
this  water.  Thus  there  is  produced  a  narrow  but  ever 
expanding  ring,  which  constitutes  a  barrier  reef,  if  the 
island  inclosed  by  it  projects  above  the  sea,  or  an  atoll, 
if  the  island  is  wholly  submerged. 

Borings  on  one  of  the  coral  Islands  of  the  EUice  group 
in  the  South  Pacific  showed  coral  formations  extending 
to  a  depth  of  at  least  1,114  feet  below  the  centre  of  the 
lagoon.  This  fact  would  appear  to  support  the  theory 
of  Darwin,  rather  than  that  of  Murray. 

It  is  probable  that  both  these  theories,  and  even  others, 
are  required  to  account  for  all  forms  of  coral  islands. 


CHAPTER  XXII 

THE   SOLAR   SYSTEM 

ExKRcisEs  Revikwino  Prktious  Studiss 

/)  Field  obtenationM  of  the  $un, — 
Observe  the  time  and  the  pontkm  <A  the  rising  and  of 
the  aettmg  of  the  sun  on  or  about  Sept.  2l8t.  Repeat 
these  observations  on  the  corresponding  date  of 
D  '  r,  March,  and  June.  Compare  the  duration  of 
d  >a  these  days. 

From  an  almanac  obtain  the  exact  time  of  sunrise  and 
sunset  on  Sept.  Ist,  10th,  and  20th,  and  on  June  let, 
10th,  and  20th.    Compare  the  duration  of  daylight  on 

hese  days. 

;?)  To  find  (a)  an  eaii-u>ett  line,  (6)  a  north-mnUh  line^  (c) 
the  difference  between  tolnr  iu>tm  and  twflr<.  o'clock  noon 
hy  msoiM  of  the  mtn.  — 

(a)  Select  a  smooth  horiusitAl  plot  of  ground.  In 
the  middle  of  this  plot  set  a  straight  rod  m  a  vertical 
■osition  with  the  top  of  the  rod  four  feet  above  the 
surface  of  the  ground.  With  the  rod  as  cmtre,  describe 
on  the  ground  a  circle,  radium  three  feet,  or  longer  if 
neeessary. 

In  the  forenoon  observe  the  point  upon  the  drcum- 
femoe  of  the  circle  where  the  top  of  the  shadow  of  the 
rod  passes  mto  the  drcle.  Insert  a  abort  peg  at  this 
•oint. 

Observe  and  mark  the  corresponding  point  when  the 

»p  of  the  shadow  tinsncs  the  divle  in  the  afternoon. 

Draw  a  straight  Ime  from  one  peg  to  the  other.  Tlw 
line  joining  the  two  pegs  is  an  easUwest  Una. 

p.  a  ts 
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(6)  Carefully  bisect  the  east-west  line  and  draw  a  line 
from  the  point  of  bisection  to  the  centre  of  the  rod.  The 
last  line  is  a  north-south  line. 

(c)  Obeerve  that  the  shadow  of  the  rod  grows  shorter 
during  the  forenoon  and  longer  during  the  afternoon. 

At  five-minute  intervals  Iwtween  11.30  a.m.  and  12.30 
p.m.,  mark  the  position  of  the  tip  of  the  shadow  to 
determine  when  the  shadow  is  shortest.  Compare  the 
position  of  this  shadow  with  that  of  the  north-south  line. 

The  time  of  day  when  the  shadow  is  shortest  we  shall 
call  solar  noon.  Look  at  the  clock  and  find  whether  solar 
noon  occurs  before  or  after  twelve  o'clock  noon,  or 
whether  the  two  exactly  coincide.  Try  this  again  in 
other  months,  especially  in  November  and  February  if 
possible. 

{3)  7b  find  the  angles  of  elevation  of  the  sun,  when  on  the 
meridian  at  your  place  of  obnerration,  on  or  about  SepL 
2Ut,  Dec.  2Ut,  March  21st,  and  June  2 Id. — 

Use  the  rod  as  arranged  for  Exercise  No.  2.  Observe 
and  mark  by  a  peg  the  position  of  the  tip  of  the  shadow 
when  it  falls  along  the  north  and  south  line  on  Sept. 
2l8t.  Place  a  long  ruler  so  that  it  rests  with  its  lower 
end  against  the  bottom  of  the  peg  and  its  upper  portion 
upon  the  top  of  the  rod.  Measure  the  angle  that  the 
ruler  makes  with  the  surface  of  the  ground.  This  is  the 
angle  of  elevation  of  the  sun  at  noon  on  Sept.  21st. 

Make  a  drawing  to  scale,  showing  the  rod,  the  ruler, 
and  the  angle. 

Repeat  the  exercise  upon  each  of  the  other  dates  given. 

(4)  To  study  phenomena  depending  upon  the  spherical  shape 
of  the  earth. — 

Observe  and  name  the  parts  that  can  be  seen  in 
the  case  of  several  steamships  that  are  at  various  distances 
from  you. 
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Under  what  conditionB  can  the  smoke  alone  be  seen  7 
>)  Prvbtema  on  timr.  — 

(1)  It  is  12  o'clock  solar  noon  at  Greenwich.  Find 
the  corre^wnciing  solar  time  at  each  of  the  following 
longitudes:  3(fW.,  30*E.,  60**W.,  TS**  15  E. 

(2)  It  is 8  o'clock  a.m.,  at  a  point  in  45**  west  longitude. 
What  time  is  it  at  Greenwich  **     What  time  is  it  at  a 

acf  in  45*  east  longitude  ? 

(3)  It  is  10  a.m.  at  Greenwich. 

(a)  What  is  the  solar  time  at  a  point  in  62*  40    west  ? 
(h)  What  is  the  solar  time  at  a  point  in  50*  25   east  ? 

(4)  (a)  Find  the  difference  in  the  solar  times  at 
two  places  A  and  B^  A  being  in  79*  20  west  longitude, 
and  /;  in  123*  10'  west  kmgitude. 

(//)  What  is  the  probable  difference  between  the 
standard  times  of  the  places  described  in  (a)  ? 

(5)  By  means  of  an  observation  on  the  sun,  a  captain 
f(jun(l  that  the  solar  time  of  the  point  at  which  his  Hhip 
w^ift  Icx-atcd,  is  2  hr.  16  min.  slower  than  the  solar  time 

r  (;n-4nwich  as  obtained  from  the  ship's  chronometer. 
the  longitude  of  the  ship  at  the  instant  the  obaer- 
■  ..,.'U  wuji  iiuuie. 

Pkkuminary  EzPBBncsNTAL  Work 

/)  To  dram  to  $caU  <m  tOipm  lo  r^pft$eiU  the  form  cftht 

orbit  of  the  MrfA.— (Settle  1  mflUmelre  to  500,000  miles) 

Loop  a  thread  and  tie  the  ends  toflstber  so  that  the 

loop  is  378  mm.  long.     Place  two  pins  vertically  in  the 

Hrawing  paper  so  that  they  are  6  mm.  apart,  and  fix 

icm  firmly.     Usinf  a  sharpiMinted  penefl  held  iaade 

ic  loop,  draw  an  ellipse,  as  shown  in  Figure  150. 

The  pomta  where  the  pins  were  inserted  are  called  the 

I   of   the  eDipse.     Mark   the  focL    Biaeet  the  line 

«'tween  the  foci.    With  thii  point  as  centre,  and  with 
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half  the  long  diameter  of  the  ellipse  as  radius,  draw  a 
circle.  Compare  the  ellipwe  with  the  circle  so  descrilxHl. 
Now  draw  a  small  circle,  two  mm.  in  diameter,  around 
one  of  the  foci  to  represent  the  sun. 


Pis.  IM. — Illustrating  how  to  draw  an  elllpM 
to  represent  the  orbit  of  the  earth 

Indicate  the  positions  of  the  earth  in  aphelion,  and  in 
perihelion  resj^ectively.     (Sec.  306). 

Measure  the  distance  between  the  centre  of  the  circle 
representing  the  sun  and  each  end  of  the  long  diameter. 
From  these  measurements  calculate  the  distance  from 
the  centre  of  the  earth  (a)  in  aphelion,  (6)  in  perihelion, 
to  the  centre  of  the  sun. 

{2)   To  study  the  phases  of  the  inoon  by  ohservatum. — 

Refer  to  the  almanac  and  find  the  date  of  the  next 
new  moon.  Look  for  the  moon  on  that  night  and  on 
several  following  nights.  On  which  night  do  you  first 
see  the  moon  ? 

On  several  successive  evenings  measure  the  angle 
between  the  sun  and  the  moon  by  sighting  one  leg  of 
a  compass  on  the  setting  sun  and  the  other  upon  the 
moon. 

How  many  degrees  does  the  angle  increase  from  one 
evening  to  the  next  ?  In  what  direction  does  the  moon 
move  around  the  earth  ? 

Use  the  answers  to  the  last  questions  in  determining 
approximately  how  many  days  it  takes  the  moon  to 
move  around  the  earth. 
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Mftke  A  drawing  of  the  young  moon,  noting  especially 
I  he  directions  in  which  the  homs  point. 

Observe  how  many  days  are  requir*»d  for  the  moon  to 
grow  to  a  half  disk. 

In  what  part  of  the  heavens  i>  in*-  Km  moon  first  seen? 

Observe  closely  the  times  of  rising  for  two  consecutive 
lights,  and  find,  as  accurately  as  possible,  the  difTensioe 
i><*tween  these  times. 

Make  a  drawing  of  the  waning  moon,  and  compare 
he  direction  in  which  the  homs  of  the  waning  moon 
]K)int  with  that  in  which  the  homs  of  the  growing  moon 
fHiint. 

J)   Oh$erw^ion  extrtim  on  $hadoum  <m  a  preparation  for  the 
$tudy  ofeeUp$e$. — 

(a)  Place  a  lighted  lamp  (preferably  having  a  frosted 

gk>be),  or  a  ground-glass  electric  bulb  cm  a  table  in  a 

laricened  rocHn.     (The  parallel  beam  fnnn  a  projection 


Source 


Umbra 
Penumbra 


ns.  is7 


m  gives  excellent  results).     Suspend  %  marble  or 
uill  ball  at  a  distance  of  four  feet  from  the  Ughi, 

and  so  arranfe  a  white  cardboard  that  the  shadow  of 

the  ball  may  fall  upon  it  (Fig.  157). 
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Move   the   cardboard    back    and    for\»'ard   until   the 
shadow  upon  it  is  of  uniform  darkness. 

Move  the  cardlx)ard  farther  from  the  ball.  Descril* 
the  changes  that  take  place  in  the  shadow,  and  distin- 
guish the  umbra  and  the  penumhra. 

Observe  the  umbra  and  the  penumbra  while  the  card- 
board is  l)eing  moved  farther  away,  and  also  while  it 
is  being  brought  closer. 

Make  a  small  hole  in  the  cardboard  and  place  the  eye 
behind  this  hole.  Describe  the  effect  of  the  ball  upon 
the  appearance  of  the  source  of  light  (a)  when  the 
umbra  falls  upon  the  hole  in  the  cardlward;  (b)  when 
the  penumbra  falls  upon  the  hole  in  the  cardl)oard. 

(6)  Repeat  the  experiment,  using  the  school  globe 
instead  of  the  white  screen.     Rotate  the  globe. 

The  Members  of  the  Solar  Systcm 

289.  What  is  the  solar  system?— The  science  of 
astronomy  has  shown  that  our  earth  is  a  member  of  a 
group  of  bodies  revolving  about  the  sun.  This  group, 
which  has  the  sun  as  a  central  controlling  member,  is 
called  the  solar  system,  (Latin-«o/,  the  sun).  In  the 
solar  system  are  included  the  sun,  eight  planetg^  the 
moons  or  satellites  of  these  planets,  a  number  of  cometSj 
and  innumerable  smaller  bodies  called  asteroids,  meteors. 
and  meteorites. 

The  Sun 

290.  The  heat  of  the  sun.— To  describe  the  sun  as  an 
enormous  ball  of  fire  having  a  diameter  of  865,500  miles 
conveys  very  little  conception  either  of  its  magnitude 
or  of  its  intense  heat.  When  we  consider  that  the 
diameter  of  the  sun  is  nearly  four  times  as  great  as  the 
distance  from  the  earth  to  the  moon,  and  that  more  than 
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a  million  earths  could  be  placed  within  the  space  occupied 
by  the  sun,  we  begin  to  realise  faintly  how  huge  the  sun 
really  is.  The  daatfag  brightnfiw  of  the  surface  of  the 
sun  is  due  to  the  intense  beat  of  luminous  gases.  The 
white  beat  <^  a  blast  furnace  will  melt  nearly  all 
metals  and  rocks,  but  so  intense  is  the  heat  of  the  sun 
that  any  material  placed  at  its  surface  would  be  not 
only  melted  by  it,  but  would  also  be  converted  into 
vapour.    Imagine  a  layer  of  ice  nearly  half  a  mile  thick 

overing  the  whole  surface  of  the  sun;  the  heat  of  the 
would  melt  it  in  one  hour.  The  sun  sends  out 
lent  energy  to  supply  each  of  two  thousand  million 

:uths  like  our  own  with  the  same  amount  of  heat  as  is 
received  by  the  earth. 

This  enonncMis  mass  of  highly  heated  vapour,  with  its 
{loasibilities  of  expansion,  but  yet  having  a  tendency  to 

ontract  under  the  action  of  a  gravitation  almost  thirty 
umes  as  great  as  that  of  the  earth,  is  the  theatre  of 
tremendous  explosions  and  convulsions.  Frequently  the 
evidences  of  these  explosinns  are  visible  from  the  earth 
as  mm  spote  and  aolar  finminaiee»y  which  alter  the  usual 
app(>aranoe  of  the  sun. 

291.  The  surface  of  the  sun.— The  dassling  surface 
which  we  see,  and  which  radiates  the  sun's  light,  is  called 
the  pkototphere  (light  sphere).  To  the  naked  eye  it 
appears  of  uniform  brightness,  but  when  it  is  viewed 
through  a  teleaoope,  it  is  seen  to  have  a  mottled  appear- 
ance. The  brighter  parts  of  the  mottled  surface  are 
intoisely  himtnous  and    are  nnekiBMi  wpokim  of  as 

rieeiKrams."  Overlying  the  photoiphsro,  but  viable  to 
the  nak(^  eye  only  during  solar  ecUpsea,  is  a  layer  of 
reddish  cokxir  which  is  called  the  cArvsioipAsrv  (ookwr 
sphere).  Stretching  outward  fmn  the  dutxnoiplwfe  u 
an  envelope  called  the  eonma.  This  appears  as  a  halo 
of  pale  white  light  whioh  cKtcods  into  ipaoe  for  dirtanw 
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varying  from  1,000,000  to  3,000,000  mile«.  The  corona 
is  so  faint  that  it  is  invisible  when  the  earth's  atmosphere 
is  illuminated,  but  it  becomes  visible  during  a  total 
eclipse  of  the  sun  (Fig.  158).  During  an  eclipse  of  the 
sun  solar  prominences,   usually    composed  of   luminous 


CourUsy  of  C.  A.  ChMtt 
Fig.  158. — Total  ecUpae  of  the  sun.  showing  corona 

gases  of  a  red  colour,  are  seen  streaming  outward 
from  the  chromosphere  to  distances  ranging  up  to 
500,000  miles. 

292.  Spots  on  the  son« — Sun  spots  are  seen  a.s  dark 
blotches  upon  the  surface  of  the  sun  (Fig.  159).  The 
smallest  appear  like  mere  specks,  but  in  reality  each  is 
at  least  several  thousand  square  miles  in  area.  Some 
of  the  largest  spots  are  of  very  great  size.  One  was 
observed  in  February,  1892,  of  such  magnitude  that 
it  would  require  thirty-five  times  the  earth's  surface 
to  cover  it.  The  surface  of  the  sun  is  seldom  entirely 
free  from  spots,  but  their  number  varies  between  a 
maximum  and  a  minimum  in  fairly  regular  cycles  that 
have  an  average  length  of  approximately  eleven  years. 
Of  the  many  theories  of  the  origin  of  sun  spots,  the  one 
most   generally    accepted    is    that    they    are    due    to 
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enormous  vohimes  of  gases  rismg  through  the  i^oto- 
sphere.  The  expanaiQii  of  the  rising  gaaet  causes  them 
to  beoome  cooler  and  lew  briRht. 


rU-  150—  .iipota 


Thk  Planets 

293.  Gmqyarstnre   description   of   the   planets. —  The 

eight  planets  named  in  the  order  of  their  proximity  to 

he  sun    are   J/nnmry,     Kmitf,    Earthy     Man,    Jupiter, 

^uum,    UramUf  and  N^phms.     They  aie  dark  bodies, 

which,  however,  shine  wHh  the  re6eeted  light  of  the  sun, 

and  so,  viewed  from  the  earth,  look  much  like  stars. 

Mercury,  Venus,  and  Mars  are  solid  spberas,  but  the  low 

lenstties  of  Jupiter,  Saturn,  Uranus,  and  Neptune  give 

k'round  for  belief  that  these  are  largdiy  pneoiis     Mer- 

V.  the  smallest  planet,  has  a  diameter  only  ihree- 

atlis  as  great  as  that  of  the  earth;  while  Jupiter, 

the  Urgeet  of  the  -family,  has  a  diametiff  eleven  timsi 

as  great  as  that  of  our  planet  (Ftg.  160).   The  eUmatei 
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of  the  planets  present  some  interesting  differences. 
Owing  to  its  nearness  to  the  sun  Mercury  receives 
nearly  seven  times  as  intense  heat  and  light  as  is 
received  by  the  earth,  while  Neptune  is  so  far  distant 
from  the  sun  that  the  amount  of  radiant  energy  n>ach- 
ing  it  is  very  slight  indeed.  Mars  shows  distinct 
evidence,  by  the  variations  in  its  white  polar  cape,  which 


Fie.  160. — Diagram  reprcaontlng  tbe  relaU\-e  dzesoT  the  mm 
and  tbe  planete.  The  planets  are  ahown  within  a  figure 
that  repraMota  l-48th  of  tbe  sun'i  diaic 

apparently  consist  of  ice  and  snow,  of  having  seasonal 
variations  somewhat  resembling  those  of  the  earth. 
Some  astronomers  believe  that  Venus,  too,  has  a  succes- 
sion of  seasons. 
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294.  Satellites  of  the  planets.  -With  the  oceeption  of 

Mi-n-iiry  and  Vt-nus,  each  planet  has  one  or  more  moons, 
or  s;it«  llitr>i,  which  revolve  around  it  and  supply  it  with 
r*Ht>i't(Hi  light.  Jupiter,  the  largest  of  the  planeta, 
luLs  nine  satellitea.  The  attendants  of  Saturn  are  the 
most  numerous,  comprising  ten  moons  and  a  host  of 
>m:iller  bodies  that  are  crowded  together  in  a  series  of 
concentric  rings  which  encircle  the  planet  (Fig.  161). 


r%.  fl.—am»un  wHh  rinai 

295.  The  planets  as  they  appear  in  the  heavens. — 
A.H  vii'Wt'il  from  the  earth,  the  planets  appear  very  much 
like  8tars.  They  may  be  distinguisbed  from  stars  by 
the  fact  that,  with  the  exception  of  Mercury,  they  do 
not  twinkle,  except  when  they  are  near  the  horixoiL 
When  seen  through  a  telescope  they  are  round  bodies  of 
dL<<tinct  sixe,  while  stars  always  appear  as  points  of  li^t 
Further,  if  we  obeer%'e  the  planets  for  several  suooe«tve 
nights,  we  find  that  they  have  dMOfsd  their  position 
in  relation  to  the  stars,  while  the  stars  apparently  retam 
the  same  relative  positions  to  one  another.  In  fact, 
to  this  characteristic  the  planets  Ofwe  their  name,  which 
comes  from  a  Greek  word  meaning  a  wanderer. 

Mercury  and  Venus  are  our  chief  morning  and  evening 
stare,  becauw  they  are  seen  most  dcarlj  cither  fai  the 
eastern  sky  before  sunrise  or  b  the  western  sky  after 
sunset.    Mercury  is  of  a  pde  ashy  ooknir,  and  is  so  anall 
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and  80  dose  to  the  sun  that  it  is  seldom  seen.  Venus, 
however,  is,  mxt  to  the  sun  and  moon,  the  brightest  of 
all  the  heavenly  bodies. 

Because  it  presents  many  phenomena  similar  to  those 
of  our  earth.  Mars  is  of  particular  interest  to  us.  Through 
the  telescope  white  areas  are  ol>served  at  its  poles. 
Since  these  increase  and  diminish  with  the  seasons, 
they  are  thought  to  be  accumulations  of  ice  and  snow 
similar  to  those  on  the  earth.     A  numl^er  of  long  straight 


CouTltsy  ol  C   A.  CluiU 
Pig.  102. — Snow  c»pa  and  "eaiutla"  on  the  surface  or  Mara 

streaks  have  been  observed  upon  the  surface  of  Mars 
(Fig.  162).  These  are  more  pronounced  at  certain  times 
than  at  others.  Some  astronomers  have  interpreted  them 
as  natural  water  channels,  which  are  better  seen  as 
vegetation  grows  along  them.  Others  have  claimed  that 
they  are  canals  constructed  by  intelligent  Ijeings  for 
purposes  of  irrigation.  Observations  of  this  planet, 
however,  lead  to  the  conclusion  that  its  atmospheric 
conditions  are  so  unlike  those  of  the  earth  that,  if  Mars 
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has  any  inhabitants,  they  must  be  very  different  from 
thos«>  of  our  planet. 

JupittT  is  one  of  the  most  brilliant  of  the  heavenly 
Ixxiies.  Its  brightnciis  is  due  to  its  aiie  and  to  the  high 
rvflecting  fx^wer  of  its  surface. 

The  Earth 

296.  The  Earth  a  sphere,— We  can  all,  no  doubt, 
recall  the  shock  to  our  confidence  in  our  senfles  when 
first  we  were  told  that  the  earth  was  not  a  flat  object, 
hut  was  a  great  sphere  whirling  rapidly  through  space. 
So  stubbornly  did  the  ancients  oppose  these  views,  that 
rhales  and  P>'thagoras,  who  taught  these  theories  six 
centuries  before  the  Christian  Era,  were  compelled  to 
desist  from  teaching  them.  Thoughtful  travellers  of 
those  early  days  were  porplexed  in  their  efforts  to 
explain  "the  bended  sea,"  and  were  also  unable  to 
account  for  the  fact  that  the  northern  stars  appeared 
clotter  to  the  liorison  as  a  traveller  journeyed  south, 
although  the  same  stars  rose  bi^ier  above  the  horizon 
if  the  traveller's  course  was  northward.  The  conviction 
grew  slowly  through  the  centuries  that  these  pbenomena 
were  moonsistent  with  the  theory  of  a  flat  earth,  and 
in  the  days  of  Christopher  Columbus  the  theory  of  the 
spherical  form  of  the  earth  was  accepted  by  many. 

297.  Proob  of  the  spherkal  shape  of  the  earth.— 
The  proofs  of  the  sphvieal  shape  ct  the  earth  have 
become  commonplaoe.  Who,  when  watching  a  steamer 
dinppear  on  the  horison,  fails  to  associate  the  order  of 
disappearance — first  the  hull,  then  the  funnels,  and  last 
of  all,  the  smoke,  with  the  curvature  of  the  earth's 
surface  ?  The  fact  that  this  is  the  order  of  disappear- 
ance wherever  observed  and  in  whatever  direction  the 
ship  is  sailing,  proves  that  the  iurfaoe  of  the  earth  ounm 
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in  all  directions.  The  circumnavigation  of  the  earth 
along  a  course,  which  though  not  in  a  straight  lino,  can 
nevertheless  be  shoun  to  he  equivalent  to  a  continuous 
east  and  west  course,  has  frequently  been  accomplished. 
The  follo\*ing  are  also  familiar  proofs: 

(1)  The  fact  that  there  is  an  increase  in  the  distance 
to  the  circular  horizon  as  the  elevation  of  the  observer 
becomes  greater. 

(2)  The  fact  that  the  earth's  shadow  as  cast  upon  the 
moon  during  an  eclipse  is  such  as  only  a  sphere  could  cast. 

298.  The  earth  an  oblate  spheroid,— In  1672,  Richer, 
a  French  astronomer,  had  occiu^ion  to  move  his  pen- 
dulum clock,  that  kept  accurate  time,  from  Paris  to 
Cayenne  in  French  Guiana.  He  was  surprised  to  find 
that  the  clock  now  lost  time.  An  investigation  led 
to  the  conclusion  that,  since  the  pendulum  swung  more 
slowly  at  Cayenne  than  at  Paris,  the  attraction  of  gravity 
upon  it  must  be  less.  This  could  be  accounted  for  by 
assuming  that  the  radius  of  the  earth  near  the  equator 
is  longer  than  the  radius  through  Paris.  Repeated  tests 
with  pendulums,  and  also  measurement  upon  the  earth's 
8iu*face  at  different  places,  confirmed  the  conclusion 
that  the  longest  radii  of  the  earth  are  those  near  the 
equator,  and  that  the  shortest  are  those  passing  through 
the  poles.  We  know,  therefore,  that  the  earth  is  an 
oblate  fipheroid,  bulging  at  the  equator  and  flattened 
at  the  poles,  the  polar  diameter  being  alx)ut  jjb  of  the 
length  of  the  equatorial  diameter. 

299.  The  uze  of  the  earth.  —  Eratosthenes,  a 
noted  Greek  astronomer,  about  240  B.C.  determined 
the  circumference  of  the  earth,  basing  his  calculations 
upon  observations  of  the  shadows  cast  by  the  sun  at 
Alexandria  and  at  Syene  (Assuan).  He  found  the 
circumference  of  the  earth  to  be  approximately  25,000 
miles,  giving  a  diameter  of  about  8,000  miles. 
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Arnirnte  computation  gives  7,926.57  miles  as  the 
equatorial  diamet«>r.  and  7,899.96  miles  as  the  polar 
diameter. 


The  Rotation  or  the  Eabth 

300.  Description  of  the  rotation  of  the  earth. — Just 
aM  a  top  wliirk  around  with  the  peg  thrust  through  its 
( (•ntrt>  serving  as  an  axis,  so  the  earth  rotates  upon  its 
axLs.  In  the  case  of  the  earth  the  axis  is  not  a  real  peg 
but  an  imaginary  one.  The  ends  <^  this  axis  are  called 
the  north  and  south  poles.  The  time  taken  for  one 
<-onipleto  rotation  Is  called  a  day.  Any  point  on  the 
earth's  equator  travels  about  25,000  miles  in  that  time, 
tli:it  is,  at  a  speed  of  more  than  1,000  miles  per  hour. 
Hut  notwithstanding  this  great  speed,  the  movement  is 
so  steady  and  free  from  jarring  effects  that  we  fail  to 
ix-rceive  it.  The  unvar>nng  character  of  the  movement 
in  due  to  the  fact  that  land,  and  air,  and  water,  all  form 
imrt  of  the  rotating  mass  and  all  rotate  with  the  same 
velocity,  with  certain  exoeptiaos,  as  for  instanee,  the 
tnovements  of  the  water  of  the  ocean  in  currents  (Sec. 
"^1  .  and  the  movements  of  the  air  in  certain  kinds  of 

•  b  (Sec.  45). 

301.  Proofs  of  the  earth's  foUtfcm.— A  direct  proof 
of  tli<-  larth's  rotation  is  furnished  by  the  foUowing 
•  x|>.  niiunt  :  A  ball  is  dropped  from  a  high  lower  and  is 
<)l>^4•r\-ed  to  strike  the  ground  to  the  east  of  a  point 
vertically  bekm  that  from  which  it  falls.  Ordinaiy 
observation  teaches  us  that,  if  a  body  is  moving  m  any 
(lir-ction  at  a  certain  rate,  K  tends  to  continue  this 
iiinvrmcnt,  unless  some  force  ads  upoo  it  tending  to 
•ilt.  r  its  speed  or  to  change  Ha  direetko.  The  fact  that 
the  InUI  alights  east  of  a  point  which  is  vertkmlly  bekm 
that  from  which  it  is  refeawd  indkaiei  that  the  earth  is 
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not  at  rest,  for,  if  it  worr,  thr  ball  would  fall  vertically. 
It  also  indicates  that  the  bail,  at  the  instant  it  begins  to 
fall,  has  a  more  rapid  easterly  movement  than  that  of 
the  point  vertically  below  it.  This  shows  that  the  earth 
rotates  toward  the  east,  for  such  a  rotary  motion  would 
give  to  the  ball,  because  it  is  farther  from  the  axis  of 
rotation,  a  more  rapid  easterly  motion  than  the  point 
on  the  ground  has.  This  experiment  has  been  tried  many 
times  by  various  investigators,  and  the  deviation  of 
the  ball  toward  the  east  is  appreciable,  though  very 
slight  (Fig.  163). 

Bffr — .»» 


Fie-  103- —  The  top  0  of  a  tower  AB  l»  farther  from  (he 
centre  of  tbe  earth  than  the  bottom  A.  and.  coni^ 
quenUy,  travel*  eastward,  on  account  of  tbe  earth's 
rotation,  faster  than  A.  During  the  time  the  bod/ 
is  falling  to  tbe  earth  it  moves  eastward  to  A2, 
while  the  toot  of  tbe  tower  moves  to  i4/.  Thus  it 
reaches  the  earth  some  distance  east  of  tbe  foot  of 
tbe  tower 

In  addition  to  the  above  proof,  we  have  the  facts  of 
the  directions  of  the  trade-winds  (Sec.  46)  and  cyclonic 
whirls  (Sec.  54),  for  which  no  satisfactory  explanation 
has  been  given  except  that  based  upon  the  rotation  of 
the  earth  from  west  to  east. 
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Though  the  theory  of  a  stationan'  sun  and  moving 
planetB  is  many  centuries  old,  dating  from  the  teachings 
of  Pythagoras,  it  may  be  said  to  have  been  established 
in  comparatively  modem  times  by  a  Polish  astronomer, 
Copernicus  (1470-1543).  Even  during  the  age  of  Coper- 
nicus the  intellectual  leaders  were  so  conservative  that, 
for  more  than  one  hundred  years,  these  ideas  were  not 
accepttxi,  and  the  conclusions  of  Galileo,  whose  inven- 
tion of  the  modem  telescope  made  it  possible  to  observe 
the  rotation  of  the  other  planets,  were  likewise  rejected 
by  many. 

Twilight 

302.  The  succession  of  day  and  nighU— As  you  have 
aln'ady  learned  in  your  earlier  studies  in  geography, 
the  rotation  of  the  earth  upon  its  axis  once  in  i^iproxi- 
mately  every  twenty-four  hours,  by  bringing  successive 
pdnts  of  the  earth's  surface  within  the  reach  of  sunli^t, 
is  the  cause  of  the  succession  of  day  and  night.  In 
physical  science  we  learn  that  a  beam  of  sunlight  is 
composed  of  rays  that  are  tranmitted  in  parallel  straight 
lines.  Hence,  one  half  of  the  earth's  surface  will  be  in 
the  sunlight  at  any  instant  of  time.  Day  and  night, 
however,  are  not  sharply  separated  by  the  rising  and 
the  setting  of  the  sun.  On  the  contrary,  night  gradually 
i^K^mpwi  into  day  and  day  into  night  through  intervening 
stages  of  twilight.  The  circle  separating  the  Ulummated 
areas  of  the  earth's  surface  from  the  area  that  is,  in 
darkness,  is  called  the  ttnUghi  circh. 

303.  aoseoltwillgbt.— IfAlMfetbsstof groundglMi 
or  whito  blotting-paper  k  held  so  that  the  rays  of  the 
Run  coming  in  through  the  window  strike  it,  the  light 
i»  reflected  and  seatlersd  by  the  glass  and  is  found  to 
ilhiminate  adjacent  surfaces,  but  less  brightly  than 
direct  sunlight    The  partidss  of  tlie  atnospbere,  pai^ 

i>   o    It 
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ticiilarly  dust  and  water  vapour,  act  very  much  like 
the  rough  surface  of  the  sheet  of  glass.  These  scatter  and 
reflect  the  sunlight  that  passes  into  the  atmosphere 
when  the  sun  is  invisible  l^elow  the  horizon.  The 
amount  of  scattering  varies  with  the  distance  of  the 
sun  below  the  horizon.  The  effect  ceases  to  be  notice- 
able when   this  distance  is  al)Out   18®. 

304.  Variation  in  the  leng^th  of  twilight.— Since  the 
sun  drops  nearly  vertically  l)elow  the  horizon  \i'ithin 
the  tropics,  the  duration  of  twilight  can  be  estimated 
as  the  time  required  for  the  sun  to  pass  through  18",  that 
is,  }f  of  1  hr.=l  hr.  12  min.  In  northern  and  southern 
latitudes,  owing  to  the  inclined  path  of  the  rising 
and  setting  sun  (Fig.  11),  the  duration  of  tvsilight  is 
greater,  reaching  a  maximum  at  the  poles,  where  the 
sun,  after  disappearing  l)elow  the  horizon,  remains  for 
many  weeks  at  a  distance  of  less  than  18°  l)elow  it. 
During  the  summer  the  sun,  in  our  latitude,  takes  a 
longer  time  to  drop  18**  l>elow  the  horizon  than  during 
the  winter.  Therefore,  our  twilight  Is  of  jntunr  (lur-.tion 
in  summer  than  in  winter. 

The  Revolution  op  the  Earth 

305.  The  time  occupied  by  a  revolution* — We  now 
turn  to  a  consideration  of  the  second  of  the  earth's 
movements,  namely  its  revolution  around  the  sun. 
By  this  movement  the  earth  travels  around  the  sun  once 
every  year,  or  to  express  the  measurement  of  the  time 
more  definitely,  the  interval  between  the  sun's  apparent 
crossing  of  the  equator  in  the  spring,  and  its  crossing 
in  the  succeeding  spring,  is  a  trnpircd  year.  The  average 
length  of  a  tropical  year  is  365  days,  5  hrs.,  48  min., 
45.51  sec.  In  our  calendar  the  ordinary  year  is  365 
days  in  length.    The  addition  of  one  day  to  the  month 
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f  February  <rf  ev«y  fourth  year  (leap  year)  more  than 
ompcnaatefl  for  the  difference  of  5  hrs.  48  min.  45.51 
«'C.,  and  the  discrepancy  is  made  up  by  making  the 
ear  of  each  century  whose  number  is  not  exactly 
i 'visible  by  four  hundred,  a  year  of  365  days.  For 
:.-::ince,  the  year  1600  was  a  leap  year,  but  the  year 

r.»(N)    \v;is    not. 

306.  The  orbh  of  the  earth.— The  path  in  which  the 

earth  travels  in  it«  journey  around  the  sun  ia  called 

's  orbit.    This  path  is  an  ellipse,  and  the  plane 

it   lies  is  called  the  plane   of  the  earth's  orbiL 

h's  axis  is  not  perpendicular  to  the  plane  of 

the  orbit,   but  forms  an  angle  of  api»oximately  23^* 

with   the   perpendicular.    When  the  earth   is  at  that 

point  of  the  orbit  which  is  farthest  from  the  sun,  it  is 

-Aid  to  be  in  apheUon  (Greek-  apoj  from ;  heliot,  sun), 


Tig.  164.— Sitfffec*  of  tiM  I 


and  when  it  is  in  that  part  of  its  orbit  which  is 

to  the  ttun,  it  is  said  to  be  in  pmktKm  (Greek- fwri, 

around;  hdioty   sun).    The  earth  it  in  apbelkMi  about 
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July  Ist,  and  it  is  then  approximately  94,500,000  miles 
away  from  the  nun,  and  it  is  in  perihelion  about  January 
1st,  at  which  time  it  is  about  91,500,000  miles  distant 
from  the  sun. 

The  Moon 

307.  The  source  of  the  moon's  light,— The  moon,  like 
the  earth,  is  a  non-luminous  sphere,  hut  it  appears  bright 
because  it  reflects  the  light  of  the  sun  in  the  same  way 
that  a  speck  of  dust  appears  bright  and  luminous  when 
it  reflects  to  our  eye  the  light  of  the  sunbeam  in  which 
it  is  floating  (Fig.  VA). 

308.  The  size  of  the  moon  and  its  relation  to  the 
earth.— The  moon  is  one  of  the  smaller  of  the  heavenly 
bodies,   having  a  diameter   of   2,163   miles — somewhat 


Pig.  106. — Volcaalc  crat«ni  oo  the  surface  ul  i;.c  ;;.wwa 

greater  than  one-quarter  of  that  of  the  earth — and  a 
volume  about  one-fiftieth  of  that  of  our  planet.  It  is  con- 
spicuous in  the  heavens  chiefly  because  of  its  nearness  to 
us.   It  travels  around  the  earth  in  an  elliptical  orbit,  the 
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longest  radius  of  which  measures  about  240,000  miles. 
The  moon  movps  about  the  earth  in  the  same  direction 
as  that  in  which  the  earth  rotates.  When  the  moon 
i»  at  that  point  in  its  orbit  which  is  closest  to  the  earth, 
it  is  said  to  be  in  prrigff  (Greek  -  peri,  around  ;  <je, 
earth),  and  when  it  is  at  that  point  in  its  orbit  which  is 
farthest  from  the  earth,  it  is  said  to  be  in  apogee  (Greek- 
'P*.   from). 

309.  Physical  phenomena  of  the  moon's  surface. — 
Astronomical  science  reveals  many  interesting  facts 
aliout  the  moon.  It  shows  that  the  moon's  surface  is 
fv)lid.  The  face  of  the  "  Man  in  the  Moon"  is  due  to  the 
reflection  from  sunlit  mountains  interspersed  with 
shaded  valleys.  Many  of  the  mountains  resemble  extinct 
volcanoes  with  wide,  SM^ins  craters,  surrounded  by  deep 

tjp-shaped  rims  (Fig.  165).  No  atmosphere,  cloud,  or 
laoisture  bathes  the  barren  surface  of  the  moon,  and 
:\A  there  is  only  one  lunar  rotaticm  during  each  revolution 
round  the  earth,  the  average  length  of  a  night  an  the 
moon  is  equal  to  about  fifteen  of  our  days  of  twenty- 
four  hours.  Since  there  is  no  atmosphere  to  cause 
twilight,  to  prevent  the  radiation  of  heat  from  the 
moon's  surface,  <v  to  transmit  sound,  the  long  nights 
would,  to  human  senses,  be  mtensely  daric  and  cold 
md  mysteriously  silent. 

310.  The  phases  of  the  moon.— The  ■upfifwinn  of 
apiMirent  forms  through  which  the  moon  pMMi  during  a 
lunar  month  is  known  as  "  the  phases  of  the  moon." 
These  chances  are  due  to  the  revolution  of  the  moon 
around  the  earth,  and  the  consequent  variation  in  the 
position  of  the  moon  in  relation  to  the  earth  and  the 

-:^     These  facts  may  be  eirplained  by  means  of  Figure 

in  which  greptewnls  the  sun,  £the  earth,  and  1,2, 

i  ...  8,  the  moon  in  eight  iiifwuMivB  poritiona  in  Hi 

orbit. 
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In  each  position  one-half  of  the  moon  is  lighted  up  by 
the  sun.  In  position  No.  1,  the  illuminated  half  of  the 
moon's  surface  is  turned  away  from  the  earth,  and  the 
moon  is  invisible.     At  this  time  the  moon  is  said  to  be 


Fig.  166. — PhmiM  of  Uie  mooo 

new.  On  succeeding  evenings  the  moon  appears  as  a 
narrow  crescent.  This  is  the  young  moon,  although 
commonly  called  the  new  moon.  Its  shape  is  due  to 
reflection  from  a  part  of  the  margin  of  the  spherical 
surface  of  the  moon.  In  position  No.  2,  a  part  of  the 
illuminated  surface  is  visible  from  E,  and  the  moon  is 
described  as  a  gnming  moon.  As  the  moon  is  now 
moving  farther  from  its  position  in  line  between  the 
earth  and  the  sun,  it  is  seen  higher  in  the  heavens  upon 
each  successive  evening  until  it  reaches  position  No.  3. 
This  represents  the  moon  at  its  first  quarter,  when  it  is 


i 
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-I  M  a  ha\f  mum.  The  moon  c<nitinue8  to  grow 
..;.ui  it  reaches  the  second  quarter,  when  it  is  a  fvM 
moon,  as  shown  in  No.  5.  The  whole  of  the  illuminated 
half  is  now  turned  directly  toward  the  earth.  In  No. 
G,  the  moon  is  shown  as  wammg^  also  in  No.  7,  in  which 
the  third  quarter  of  the  moon  is  shown,  and  in  No.  8, 
the  old  moom  m  represented,  in  which  only  an  illuminated 
crescent  is  seen  from  the  earth. 

ECXIPSBS 

311.  The  cause  of  solar  ccUpsa.— When  an  opaque 
l>all  is  placed  between  a  large  luminous  body  and  a 
fiereen,  the  shadow  cast  upon  the  screen  has  a  daric 
'  rral  portion  called  the  umbra^  and  a  marginal  portion 
u  Ml  h  is  less  dark  and  is  known  as  the  penumbra.  Since 
the  umbra  is  a  seetion  of  a  cone  of  shadow  that  has 
iiM  base  at  the  ball,  it  may  be  made  to  disappear  from 
the  screen  by  moving  the  latter  a  sufficient  distance 
from  the  baU. 

When  the  moon,  in  its  revolution  around  the  earth, 
passes  between  the  sun  and  the  earth,  so  that  the  sun, 
the  moon,  and  the  earth  are  in  a  itraight  line,  a  shadow 


TotAl  frllixr  fmrn  A  uTfT  /.  pMh  cftOWTHlia^  J  t.  ngraoT  ta*  MS 

f«lllac  iMiwMo  A  C.  umaB  D  ■ill  jiriflfct  inW  iriliiii  omtM»  tt  A  B 

is  produced  similar  to  that  deacribed  m  the  bat  partp 
graph.  When  viewed  from  the  part  of  the  earth  upon 
which  this  shadow  falls,  the  mn  is  partly  or  wholly 
oliftcuml.    We  call  this  a  soJor  ae^psc,  that  ia,  an  eeUpae 
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of  the  sun.     Solar  eclipses  can  occur  only  at  the  time 
of  the  new  moon. 

312.  Solar  eclipses  are  of  three  kinds. — Solar  eclipses 
may  be  /«/«/,  anmUtir,  or  }Mirtial.  The  first  occurs  when 
the  moon  is  in  or  near  perigee.  A  total  eclipse  is  then 
seen  from  the  portion  of  the  earth's  surface  upon  which 
the  umbra  falls  (Fig.  167).    During  a  total  eclipse  the 


pig.  168. — BcUpM  of  the  nun 
Between  A  »nd  B  tbe  moon  will  appear  m  a  dark  disk  with  a  rliic.  or 
•nnulus.  of  tbe  sun  ■urroundinK  it.  a«  shown  in  Plfure  100.     Between  A 
and  C  and  also  between  B  and  D  tbe  ecUpae  will  be  partial,  aa  In  Figure 
170. 

stars  become  visible,  and  the  solar  prominences  may  be 
seen  surrounding  the  sun. 

Annular  eclipses  occur  when  the  moon  is  in  or  near 
apogee.  Owing  to  its  distance  from  the  earth  when  in 
this  iMsition,  the  moon  appears  smaller  than  the  sun 
and  does  not  completely  cover  the  surface  of  the  latter 


Fig.  109 


Fig.  170 


(Fig.  168).  Hence,  the  observer  sees  a  ring  of  light 
surrounding  the  dark  area  that  obscures  the  centre  of  the 
sun  (Fig.  169). 
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Partial  eclipses  occur  when  the  moon  pawcs  over  an 
edge  (rf  the  sun's  disk,  so  that  only  a  portion  of  the  face 
of  the  sun  u  obscured  (Fig.  170). 

313.  The  cause  of  eclipses  of  the  moon. — Lunar 
eclifim^s  arc  caused  by  the  mocm  passing  through  the 
shadow  of  the  earth.  This  shadow  stretches  out  along 
the  plane  of  the  earth's  orbit,  and  if  the  moon  is  at  or 
near  this  plane  at  the  time  of  full  moon,  it  will  pass 
ihrou^  this  shadow. 

314.  Two  kinds  of  lunar  rrHpffi, —  Lunar  eclipses 
may  Im*  either  total  or  j^trtinl.  The  eclipse  of  the  moon 
iA  total  if  the  whole  surface  of  the  moon  passes  within 


t  I  >ra  so  that  it  receives  no  direct  rays  from  the 

II    I  i;    171).    During  a  total  eclipse  the  moon  is  of  a 
i:         ;>i)er  cokMir.     If  the  moon  passes  partly  within 
*hout  the  umbra,  the  part   within    the 
ito  light  from  the  sun,  while  the  remain- 
ing |x)rti(in  receives  light  from  part  of  the  sun's  surface. 
In  •>  eclipse  is  said  to  be  parHaL      If  the 

irely  within  the  pwiomhrm,  thaw  is  no 
true  e<>li{)se,  but  only  a  diminution  of  brightness. 
If    '  '  e  moQO  were  in  the  aame  plane  as 
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that  of  the  earth,  there  would  be  an  eclipse  of  the  sun 
at  every  new  moon  and  an  eclipse  of  the  moon  at  every 
full  moon.  The  orbit  of  the  moon  is,  however,  inclined  at 
an  angle  of  about  5**  to  the  plane  of  the  earth's  orbit,  and 
this  reduces  the  number  of  eclipses  to  a  possible  maximum 
of  seven  a  year,  for  an  eclipse  is  possible  only  when 
the  moon  is  at  or  near  a  point  of  intersection  of  the 
planes  of  the  two  orbits  at  the  time  of  a  new  or  a  full 
moon. 

Comets 

315.  The     movements     of     comets.  —  Occasionally, 
strange  bodies  of  irregular  form  make  their  appearance  in 


Couritsy  of  tkt  Yerlus  Obitnatory 
Pig.  172  — Halleys  Comet 


the  sky,  and,  after  moving  across  it,  either  disappear 
entirely,  or  are  not  seen  again  for  many  years.  These 
bodies  are  called  comets,  and  their  great  size,  erratic 


THE  SOLAR  SYSTEM  353 

movenients,  and  weird  brightneas  have  always  appealed 
to  the  aiq)eratitiouB  dements  in  man.  In  reality,  the 
comets  appear  to  be  quite  harmless,  and,  even  though 
their  tails  ocrasionwlly  brush  against  a  pUnet,  they  cause 
no  alteration  or  diq>laoement  of  the  Utter. 

316.  The  itructure  of  comets.— Comets  which  are 
\nsible  to  the  naked  eye  are  usually  composed  of  a  star- 
like part  called  the  hfad,  containing  a  small  bright  centre 
r-rdled  the  nueUus^  and  a  faintly  luminous,  hazy  part 
•  :illed  the  tail  Comets  which  can  be  seen  only  through 
a  telescope  are  frequently  in  the  form  of  an  irregular, 
nebular  mass,  in  which  neither  head  nor  tail  can  be  di^ 
tinguished  until  the  comet  approaches  the  sun.  When 
the  comet  is  close  to  the  sun,  its  tail  becomes  much 
larger  and  always  streams  out  in  a  direction  away  from 
the  sun. 

317.  The  volume  and  mass  of  comets. — The  heads 
of  comets  vary  in  diameter  from  10,000  to  500,000  miles, 
-tnd  a  few  even  larger  have  been  observed.    A  comet 

lat  appeared  in  1811   had  a  bead  1,250,000  miles  in 

i*-ter.    The  tails  of  comets  sometimes  reach  enor* 

lengths,  occasionally  even   100,000,000  milet— * 

ace  greater  than  that  from  the  earth  to  the  sun. 

l.ven  though  a  comet  may  have  an  enormouB  volume, 

'  •  quantity  of  matter  which  it  contains  is  comparativeiy 

It  has  been  estimated  that  the  mMi  of  one  of 

t  is  not  more  than  oiM-millionth  of  that  of  the 

ihe  smollncas  of  the  miH  of  comets  is  shown 

i>v  the  fact  that  they  enrt  rtry  little  faiiliMnee  upon 

r   heavenly  bodies.    In   1886  a  comet  swept 

it^  i.ic  satellite  system  of  Jupiter  without  tnfluendng 

^le  movemsnta  of  the  memben  to  any  meMurable 

xtcnt. 
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Meteors 

318.  What  meteors  arc— Upon  almoet  any  clear  star- 
light night,  lxKiii>s  resembling  stars  can  be  seen  shooting 
across  the  sky  at  irr^ular  intervals.  These  so-called 
shooting  stars  are  meteom.  A  meteor  is  a  mass  of 
matter  which,  as  it  passes  through  space,  comes  near  to 
the  earth  at  a  speed  ranging  from  ten  to  forty  miles  per 
second.  Upon  entering  the  atmosphere  of  the  earth  it 
is  rendered  luminous  by  the  burning  of  its  surface  layer, 
which  is  intensely  heated  by  friction  between  its  surface 
and  the  air.  The  products  of  the  combustion  slowly 
fall  to  the  earth  if  they  are  solid,  or  mingle  with  the 
atmosphere  if  they  are  gaseous.  There  is  good  ground 
for  believing  that  meteors  are  disrupted  comets. 

319.  Number  of  meteors.— It  is  often  possible  to 
count  from  ten  to  fifteen  meteors  within  an  hour,  and 
since  an  observer  can  wateh  only  a  small  fraction  of 
the  area  of  the  sky,  it  is  evident  that  the  total  number 
of  meteors  of  visible  size  that  enter  the  atmosphere  is 
ver>'  great.  The  number  per  day  has  been  placed  as 
high  as  twenty  millions.  Occasionally  there  are  showers 
of  meteors,  and  they  appear  in  the  sky,  not  singly,  but 
in  swarms.  A  conspicuous  shower  of  meteors  is  seen 
during  the  second  week  of  August  every  year.  At  this 
time  the  earth  is  at  that  point  in  its  orbit  which  intersects 
the  orbit  of  a  cluster  of  meteors  knov^n  as  the  Permfln. 
They  are  given  this  name  because  they  seem  to  radiate 
from  the  constellation  Perseus.  A  similar  shower  of 
meteors  known  as  the  Leonids  occurs  about  the  middle 
of  November. 

320.  Meteorites.  —  Sometimes  bodies  ranging  in 
weight  from  a  few  grains  up  to  many  pounds,  dash 
through  the  earth's  atmosphere  vriih  a  loud  roar,  which 
frequently  ends  in  an  explosive  report  as  the  mass  falls  to 
the  earth.     These  bodies  are  meteorites  (Fig.  173).     The 
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striking  appearance  of  meteorites,  due  to  their  surface 
'  'MiiK  raised  to  white  heat  by  friction  with  the  atmosphere, 
:  .1-  led  to  their  being  popularly  called  firf-hnlU.  The 
meteorites  which  are  found  are  usually  of  a  stony  nature. 


CMrtoijr  •/  llm  C*»t0lK*t  SmtPtf, 

Fl*.  ITS— MauorHa  ftmad  la  Onmlilm.  Saak..  l*l« 


but  MNne  are  composed  almost  wholly  of  iron  and  nickel. 
Meteorites  are  usually  believed  to  be  meteors  that  are 
so  large  that  they  reach  the  ewtli  before  they  are  com> 
pleu>ly  vaporised  and  pulverized. 

Kiirly  in  the  evening  of  August  13th,  1004,  two 
m«t<H)nt4'S  fell  in  the  neighbourhood  of  the  village  of 
Sholbume.Orey.County,  Ontario  (Fig.  174).  The  brilliant 
flash  was  teen  more  than  60  miles,  and  the  accompanjring 
sound  was  benrd  over  35  miles  away.  Two  stones  were 
found,  one  weighing  271^  pounds,  the  other  12^  pounds. 
The  distance  betwMH  the  poinU  of  fall  was  about  thre»- 
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quarters  of  a  mile.    The  two  stones  fitted  together  as 
shown  in  Figure  174. 


The  Nebular  Hypothxsis 

321 ,  Introduction. — The  human  mind  has  grasped  the  J 
plan  of  the  universe  sufficiently  to  recognize  that  there  is  ' 
a  principle  of   unity   underlying   it   all.     For   instance, 


Vlf.  174. — Shelburne  meteorite 

several  facts  indicate  a  common  origin  for  the  members 
of  the  solar  system.  The  presence  of  the  same  com- 
ponent elements  in  the  sun  and  the  earth,  and,  presum- 
ably, in  the  other  members  of  the  system,  the  fact  that 
the  sun  and  all  the  planets  and  their  satellites  (\^'ith  a  few 
exceptions  which  can  be  explained)  rotate  and  also 
revolve  in  the  same  direction,  and  the  additional  fact 
that  the  orbits  of  the  planets  are  all  practically  in  the 
same  plane,  are  strong  indications  that  the  members 
of  the  system  are  derived  from  a  common  source.  In 
the  effort  to  account  for  this  common  origin  several 
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theories  have  been  praeented.  Of  these,  the  one  that 
haa  been  most  generally  accepted  until  recwitly  was  first 
propoeed  in  1775  by  the  German  philoeopher,  Kant, 
and  again,  with  amplifications,  in  1796  by  the  French 
astronomer,  Laplace,  and  is  known  as  the  nebular 
hypolkm*. 

322.  Outline     of     the    nebular     hypothctifc  —  The 
nebular   hyfiothesis  assumes  that  long  ages  ago  all  the 
matter  that  now  composes  the  solar  system  was  in  the 
form  of  a  rotating  mass  of  very  hot,  thhi  vapour,  extend- 
ing lx>yon(l  the  bounds  of  the  solar  system  as  it  now  is. 
The  denser  portions  of  this  vaporous  mass  attracted 
th<><o  of  lesser  density,  and  they  were  all  drawn  together 
until  a  common  centre  of  gravity  was  developed.    Akmg 
\<rit\\  a  diminution  in  volume  in  response  to  gravitaticm, 
ime  an  increase  in  the  speed  of  rotation.     The  velocity 
of   rotation  of   the   equatorial   xone  finally   became  so 
great   that   it  created  such  a  strong^  (^trifugal  force 
at  this  region  that  the  mass  flattened  at  the  poles  and 
^>ulge<l  out  at  the  equator   until  it  asRuroed  the  form 
f  a  disk.     In  later  ages   the  gradual  shrinking  of  the 
lOAs,  resulting  partly  from  the  escape  of  heat,  gave 
^  to  tL  still  greater  speed  of  rotatioi(  imtil  at  last  the 
ntrifugal  force  so  far  exceeded  the  attraction  of  gravity 
>ward  the  centre  of  the  mass  that  a  Jsucoession  of  coo- 
ntric  rings  broke  away  from  the  outer  margin,  leaving 
ic  inner  portion  of  the  mass  free  to  shrink  toward  the 
•  ntn-.     Intui  thiit  central  portion  the  sun  originated. 
!  lich  of  Um*  rings  so  thrown  off  cooled  and  contracted, 
ikI  its  substance  gathered  into  a  planet    This  accounts 
>r  the  different  distances  of  the  plttieU  from  the  sun. 
-  i-ng  and  shrinking  caused  an  increase  in  the  rata  of 
<in  of  each  planet,  and  the  cmtrifugal  force  pro- 
duced a  bulging  of  its  equatorial  aone,  so  that  some  of 
fi...  .o....,.t8  cast  off  rin^i  which  bsoaine  satoUilas. 
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The  nebular  hypothesis  explains  many  facte  con- 
nected A\ith  the  solar  system,  such  as  the  similarity 
of  composition  of  the  memlx^rs  and  the  rotation  of  the 
planets  in  the  same  direction:  and  it  also  accounts  for 
the  heated  interior  of  the  earth,  and  liko^ise  for  its 
spherical  form.  On  the  other  hand,  the  hypothesis  is 
discredited  by  certain  geographical  facte.  For  instance, 
if  the  earth  had  ite  origin  in  a  highly  heated  mass,  as 
this  hypothesis  assumes,  its  atmosphere  and  hydrosphere 
must  have  always  been  upon  its  outer  surface,  since  these 
would  1)0  the  last  to  condense.  But,  to  account  for 
the  shrinking  neces.sary  to  permit  of  mountain  building, 


CouTtfsy  of  Yerkn  O^mtMltry 
Fig.  176. — Spiral  nebula 


it  would  appear  necessary  for  the  earth  to  begin  as  a 
solid  with  a  large  jx)rtion  of  the  volatile  atmosphere 
and  hydrosphere  contained  within  it.  The  expulsion  of 
these  by  heat  would  afford  sufficient  cause  for  shrinkage. 
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323.  Outline — A  ntore  recent  theory,  known  as  the 
tnrtr^inKtl  htfpotKetu^  ■wniiiw  th«t  the  original  con- 
stituent of  the  earth  and  the  other  planets  were  small 
cold  bodies  to  which  the  name  pianstmmaU  (little 
planets)  has  been  given.  These  moved  in  orbits  about 
a  large  nucleus  which  fonned  a  common  centre,  and  the 
whole  constituted  a  great  spiral  nebula  similar  to  the 
spiral  nebulae  that  still  exist  m  the  heavens  (Fig.  175). 
The  sun  devdoped  from  the  central  nucleus.  The 
planetesimals  gradually  gathered  around  a  number  of 
knots,  or  centres,  and  eadi  aggregation  finally  fonned  a 
planet  with  one  or  more  satellites.  The  gathering  of 
the  scattered  planetesimals  into  knots  is  explained  as 
being  due  chiefly  to  the  coming  together  of  these  bodies 
as  they  met  at  the  crossingB  <A  their  slightly  different 
orbits.  Gra\itation  acted  only  as  a  secondary  force  to 
attract  and  to  bind  the  bodies  together. 

According  to  this  theory,  the  heat  ci  the  earth's  mterior 
is  Urgely  due  to  compression  as  the  misses  were  drawn 
toward  the  centre.  As  a  direct  result  of  the  comprcesion 
and  the  heat,  the  more  volatile  components  have  been 
gradually  forced  from  the  interior  of  the  earth  and  now 
constitute  the  atmosphere  and  hydroq>here.  This,  it 
is  claimed,  explains  the  enormous  quantities  of  steam 
emitted  by  volcanoes,  and  also  accounts  for  a  large  part 
of  the  shrinkage  requisite  for  mountain  folding. 

324.  Gmcfuiion.— Though  the  above  theories  and  all 
wLliers  that  have  been  proposed  are  inadequate  for 
explaining  all  they  are  mtcnded  to  explain,  they  are, 
nevertheless,  valuable  erprfinni  of  the  efforts  of  man 
to  solve  the  problem  of  the  principle  of  unity  in  the 
universe. 


p  o.  i« 


CHAPTER   XXIII 

THE  OTHER  HEAVENLY  BODIES 

Preliminary  Experimental  Work 

(7)  Using  Figure  177  or  Figure  178,  look  at  the  sky  on 
the  date  and  at  the  hour  indicated  on  the  map  and 
locate  the  Great  Dipper  and  the  Pole  Star.  Observe 
the  Dipper  for  several  evenings  and  at  different  hours 
of  the  evening.  Does  it  change  in  position  ?  Repeat 
the  observation  a  month  later. 

(f)    To  find  the  approxinuite  hditude  of  your  hrnie  by  means 
of  the  Pole  Star.— 

Take  a  wooden  strip  A, 
about  18  inches  long  and 
ly^  inches  wide,  with  straight 
edges,  and  by  means  of  a  screw 
fasten  it  near  the  top  of  a 
post  about  6  feet  long,  pointed 
at  the  other  end  so  that  it  can 
be  stuck  in  the  ground.  Next, 
carefully  graduate  90  degrees 
of  a  circular  arc  on  a  white 
card  (see  C  in  the  figure). 
The  radius  of  the  arc  should 
be  about  6  inches.  Tack  the 
card  on  the  strip  A,  being 
careful  to  have  the  diameter 
EF  parallel  to  the  upper  edge  of  the  strip.  Drive  a 
pin  at  the  centre  of  the  circle,  and  from  it  hang  a  small 
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veight  by  means  of  a  black  thread.  Fix  a  small  tube 
i  pear-shooter)  on  the  top  of  the  piece  A  by  string  or 
libber  baadi  (Fig.  175). 

If  now  the  piece  A  is  levd,  the  thread  will  hang  at 
•  I"*  on  the  arc,  and  if  it  is  tilted,  the  an^  turned  through 
will  be  read  directly  on  the  graduated  arc. 
To  use  the  instrument,  stick  the  upright  firmly  in 
■id  and  turn  it  about  until  the  tube  faces  the 
"..    .-wu-.    Then  look  through  the  tube  and  patiently 
yQxk  with  it  until  you  see  tl^  Pole  Star  through  it. 
Try  to  adjust  it  so  that  the  Pole  Star  is  at  the  centre 
>f  the  apok  end.    To  do  this  you  may  have  to  illuminate 
he  end  slightly  with  a  flashlight.    Now  take  the  reading 
n  the  arc.     Then  push  the  piece  A  out  of  adjustment 
I  ml    try   anoth^   reading.     Do  this   (say)    five   times, 
nd  take  the  average  of  the  values  obtained.    This  will 
•*'  the  elevation  of  the  Pole  Star. 
To  a  traveller  who  is  at  the  equator,  the  FoLe  Star  is 
rn  on  the  northern  horiaon.    As  he  journeys  north- 
ern i,  the  Pole  Star  rises  one  degree  above  the  horiaon 
for  each  degree  of  north  latitude.    Hence,  the  latitude 
•f  any  place  may  be  found  apprmrimalfily  by  measuring 
^e  elevation  of  the  P6le  Star. 

<  1)  7b  $hcfw  the  moMmmU  fif  the  ttan  la  the  sly. — 

Focus  your  camera  for  infinity,  support  it  firmly, 

tnd  pomt  it  toward  the  Pble  Star,  beinf  eaicful  to  keep 

r   away  from  any  strong  neighbouring  eleetric  lights 

oward  the  north.    Make  an  expofure  of  wreral  houn* 

'ion. 

:i  another  evenmg  repeat  the  experinMBt,  pointing 
the  camera  at  an  angle  of  46*  upward  from  the  souUmtb 
hnrixon.  .  An  expoeure  of  fiften  minutei  wiU  be  auiBfliail 
fur  this  esperimeni. 
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The  Stars 

325.  Introductioiu  —  The  light  which  wp  receivf 
from  the  phvneU  and  their  satellites  is  only  n'flect«'<l 
sunlight,  but  far  beyond  our  system  are  hosts  of  bright 
bodies  shining  by  their  o^^'n  light.  These  are  the  fimi 
stara.  They  are  suns,  and  the  spectroscope  tells  us  that 
they  are  composed  largely  of  the  same  substances  as 
our  sun,  though  they  differ  somewhat  in  their  physical 
conditions.  They  are  at  different  stages  in  the  proces.s 
of  their  development.  Some  of  them  are  hotter  and 
more  gaseous  than  our  sun,  while  others  are  cooler  and 
hardly  shine  at  all.  The  former  are  pearly  white,  the 
latter  dull  red. 

These  stars  are  said  to  l)e  fixed,  l)ecause  to  ordinary 
observation  they  have  always  the  same  relative  positions; 
but  the  measurements  of  modem  astronomy  are  so 
refined  that  we  have  been  able  to  prove  that  most  of 
them  are  in  motion.  But  the  change  of  position  is  so 
small  that,  if  the  ancient  Chaldaean  astronomers  (2000 
B.C.)  could  again  view  the  sky,  they  would  hardly  l)e 
able  to  detect  any  change  in  the  relative  ix)sitions  of 
the  stars. 

326.  The  number  of  stars. —  The  numljer  of  stars 
which  can  be  seen  with  the  naked  eye  is  only  a(x)ut 
5000,  and  fewer  than  half  of  these  can  be  seen  at  any  one 
time.  But  an  ordinary'  opera-glass  brings  out  at  least 
100,000,  and  our  largest  telescopes  exhibit  probably 
over  100,000,000. 

327.  The  daily  motion  of  the  sky.— When  you  are  out 
of  doors  in  the  evening,  fix  your  attention  on  groups  of 
stars  near  the  horizon  in  the  east  and  in  the  west.  In 
about  half  an  hour  or  an  hour  look  again.  The  stars 
in  the  east  are  higher  up  in  the  sky;  those  in  the  west 
are  lower  down — perhaps  out  of  sight.  Some  stars  at 
the  north,  such  as  the  Big  Dipper,  are  always  in  sight, 
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Kut    tin  V  ;ir.     -.-.ii    ill   .■■"  poaitioiifl   at    different 

tiiiH's.     Wat.  h  iti.-  i  iiaiiu  poMtioii  of  the  Dipper 

ill  :in  hour. 

The  Stan  thus  seem  to  be  in  nuition.  A  n<at  way 
to  get  eviiknoe  about  this  motion  is  given  in  KxixTinicnt 
3.  On  developing  the  plate  you  will  get  a  picture  show- 
ing n  large  unrulier  of  trails,  each  produced  by  a  star, 
and  thcv  an*  all  arcs  of  circles  having  a  common  centre. 
It  is  evident  that  there  is  no  motion  at  this  point,  but 
that  all  the  stars  describe  circles  about  it.  It  lockSf 
then.  &s  if  the  sky  revolves  on  an  axis  which  passes 
through  the  common  centre  of  the  circles,  and  as  if  it 
turns  completely  round  this  axis  once  in  24  hours. 

I>oee  the  sky  really  turn  after  all  ?    Is  it  possiUe 

that  the  sky,  with  all  the  stars  on  it,  actually  revolves 

•^  once  a  day?    We  already  know  that  there  is 

simpler  explanation,  namely,   that   the  earth 

turn?,  rotating  on  its  axis  once  in  24  hours,  but  moving 

^«>  gently  that  we  do  not  p<*rceive  it. 

328.  The  comparative  brightness  of  the  stats.— Btan 
ire  dinded  by  aatrooomers  into  classes  aooording  to 
their  brightness.  Tbe  brightest  are  stars  of  the  first 
magnitude,  those  somewhat  less  bright  are  of  the  second 
magnitude,  and  so  on.    The  faintest  stars  visible  to  tbe 

an  a  moonless  night  are  of  tbe  rixth  mac- 

lirightness  of  a  star  depends  upon  its 

xise,  iti(  from    the  earth,  and  also  upon  the 

f  tbe  star,  for  some  are  more  lumi- 

329.  The  distances  of  stars.— Tbe  dktvioe  from  tbe 
••arth  of  even  the  nearest  of  the  stars  is  so  great  that 
it  can  scarcely  be  measured  in  miles,  and  it  it  found 
convenient  to  adopt  as  the  adrommieal  %mU  of  distance 
tbe  mean  distance  from  tbe  earth  to  the  tun  (98,000,000 
miles).    The  near«at  star  is  more  than  280,000  of  tiiese 
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units  distant  from  the  earth,  some  stars  have  Imm'ii  foumi 
to  Ik>  10,000,000  units  distant,  and  it  is  probable  that 
there  are  myriads  of  stars  much  farther  away  than  any 
of  ihoee  whose  distance  has  been  measured. 


Courltsy  oj  i'etktt  Obitttalory 
Fi«.  176.— Stan  in  the  Milky  Way 

Light  travels  at  the  rate  of  186,000  miles  per  second, 
and,  even  at  this  high  rate  of  speed,  it  takes  four  and 
one-third  years  for  the  light  to  travel  from  the  nearest 
fixed  star  to  the  earth.  There  is  little  doubt  that  there 
are  many  stars  so  far  removed  from  the  earth  that  their 
light  takes  hundreds,  and,  in  some  cases,  perhaps  thou- 
sands of  years  to  reach  us.  A  conception  of  the  distance 
of  the  stars  may  be  gained  from  the  fact  that,  although 
the  volume  of  a  star  may  exceed  that  of  the  sun,  it 
always  appears  as  a  mere  point  of  light  even  when 
viewe<l  through  the  largest  telescope. 

330.  TheMilky  Way.— The  irregular  band  of  light 
that  can  be  traced  in  a  northerly  and  southerly  direction 
across  the  heavens  is  called  the  Milky  Way  or  Galaxy 
(Fig.  176).  The  tele8cop)e  shows  that  it  is  composed  of 
an  immense  number  of  stars;  in  truth,  by  far  the 
greater  number  of  stars  in  the  heavens  are  located  in 
the  Galaxy,  and  faint  patches  of  light,  scarcely  discernible 
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\  1  ••%«•,  an*  urwKfn  up  tty  the  tdcBCope  into 

iiiumenble  stars. 

331.  Nebulae. — There  are  many  ha«y,  cloud-like 
roaases  in  the  heavens,  called  nebtdae.  Nebulae  are  of 
many  siaes  and  shapes,  some  being  spherical,  others  ring- 
like, others  disk-shaped,  while  many  are  spiral.  Nebulae 
also  vary  in  composition.  Some  are  shown  by  the 
spectroscope  to  l>e  composed  of  gases.  Others  are  not 
gaseous,  and  are  believed  to  be  composed  of  stars  so 
far  distant  that  thoy  cannot  bo  soon  individually 

332.  The  Ecliptic  and  the  Zodiac— Let  an  observer 
itnagine  tliat  he  is  looking  continuously  from  the  earth 
toward  the  sim,  while  the  earth  is  making  its  yearly 
journey  in  its  orbit.     The  sun  will  app<'ar  to  pass  through 

I  succession  of  constellations.    The  apparent  path  of  the 

un's  centre  through  the  heavens  is  called   the  eeHpHc 

Now  tmngtnp  lines  parallel  to  the  ecliptic  to  be  drawn 

)n  either  side  of  it  at  a  distance  of  8*.    The  inclosed 

'     or  sone,  is  called     the    wodiae    (Greek-«)cfton,  an 

:>;U).    The  moon  and   the  mm  and  the  planets  all 

appear  to  travel  within  this  belt.     Arranged  along  the 

md  largely  within  the  lodiac  are  the  following 

tions — Aries,    Taurus,    Gemini,    Cancer,    Leo, 

\'irgo.  Libra,  Scorpio,  Sagittarius,  Capricomus,  Aquarius, 

333.  Conspicuous  constellations  and  stars* — The  star 
mni*.  Figures  177,  178,  represent  a  few  of  the  brightest 
stars  and  most  notable  constellations  in  the  heavcoa. 

The  P6le  Star— Polaria— which  can  be  localed  by 
folldwing  the  guiding  line  from  the  'Tointers"  of  the 
Oreat  Dipper,  is  a  star  of  the  second  magnitude.  It 
neeapies  a  very  important  podtion,  beetuae  it  is  nour 
near  to  that  part  of  the  heavens  toward  which  the  earth's 
axis  points.  But  the  dirsetkn  of  the  earth's  axis  is 
changing,  and  so  Polaris  Is  only  a  temporary  Pole  Star. 
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About  3,000  years  ago  the  brightest  star  in  \nv  ronstoUa- 
tion  of  the  Dragon  was  the  Pole  Star.  Two  himdreii  years 
from  now  the  earth's  axis  will  point  more  nearly  toward 
Polaris  than  it  does  at  present;   but  about  12,000 
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Fig.   177 

Star  zn*p  abowing  a  few  of  the  more  important  cootteUatioiu  and 
individual  Man  risible  in  the  heavens  in  the  posiliona  indicated  at  the 
foUowln«  times:  S«pt.  23rd  at  9  p.m.:  Oct.  lOth.  at  8  p.m.:  Oct.  26th. 
at  7  p.m.  To  use  toe  map  hold  it  above  ttie  bead,  map  surface  down- 
ward and  tbe  end  marked  north  turned  toward  ttw  north.  Locate  the 
Great  Bear  (Um  Major)  and  tbe  Pole  Star.  By  following  tbe  directions 
i  ndicated  by  tbe  dotted  lines.  Ond  tbe  consteUations  and  the  coospicuoua 
stars  that  are  named  on  tbe  map.  These  Individual  stars  may  be  reooc- 
nlaed  by  their  brightness,  as  they  are  more  brilliant  than  any  that  are 
near  them. 

later  the  direction  of  the  axis  in  space  will  have  so  changed 
that  Vega  will  be  the  Pole  Star.  This  brilliant  star  is 
approaching  us  at  the  rate  of  nearly  300  millions  of 
miles  a  year,  but  its  distance  is  so  great  that  its  approach 
at  even  this  high  velocity  will  cause  no  appreciable 
increase  in  its  brightness  in  the  next  12,000  years. 

The  stars  of  the  winter  skies  present  the  most  impos- 
ing spectacle  (Fig.  178).  The  constellation  Cassiopeia 
(The  Woman  in  the  Chair)  is  easy  to  recognize,  the 
brighter  stars  composing  it  being  arranged  in  the  form 
of  the  letter  W.     Capella  (The  She  Goat),  and  the  three 
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near-by  stars  known  as  The  Kids,  lie  slightly  to  the 
west  of  the  line  leading  from  the  Dipper  to  the  con- 
stellation Orion.  The  "sword  and  belt"  of  this  mighty 
:urrior  may  be  easily  distinguished. 
Jhae  are  two  conspicuous  objects  in  the  constellation 
Taurua — the  bright,  red  star,  Aldebaran,  and  the  group 
called  The  Pleiades.    In  the  latter,  six  stars  can  be 
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Fie.  178.— atar  nap  for  D«e  aut  at  9  p.m.:  Jaa.  6Ui  »(  8  pa.; 
•ad  Jaa.  aoth  at  7  p.m. 

lainly  seen,  set  in  the  form  of  a  small  dipper.    It  would 

em  that  in  andent  times  a  seventh  star  could  easily 

>*>  seen  wHb  the  naked  eye,  as  there  are  many  referenoes 

>  the  seven  Pleiads  in  ancient  literature.    This  group 

the  Seven  Sistflrs  of  the  Greeks,  the  Many  Little 

•nee  of  the  Babykmians,  and  the  Seven  Brothers  of 

certain    tribes    of    North    American    Indians.    Besides 

those  stars  that  can  be  seen  with  the  naked  eye,  the 

group  oontains  at  least  one  hundred  others  whieh  can 

<>  seen  with  a  small  telescope     When  we  reflect  that 

;uany  of  the  laifsst  of  the  stars  of  this   group   that 
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occupies  only  a  small  space  in  the  heavens  are  from  one 
hundred  to  two  hundred  times  as  great  in  light-giving 
power  as  our  sun,  and  that  their  distance  from  the  earth 
can  scarcely  be  less  than  10,000,000  times  that  from 
the  earth  to  the  sun,  we  become  bewildered  in  our  efTorta 
to  comprehend  the  vastnessof  the  universe. 
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CHAPTER  XXIV 

PROBLEMS  OX  THE  RELATION  BETWEEN 

PHYSICAL  AND  COMMERCIAL 

GEOGRAPHY 

1.  Why  do  the  railway's  follow  the  rivers  very  cloedy 
in  Britu?h  Columbia  and  not  in  the  Prairie  Provincea? 
Compare  the  routes  taken  west  of  Winnipeg  by  the 
main  lines  of  the  Canadian  National  Railways  and  the 
Canadian  Pacific  Railway. 

2.  Why  did  waterways  determine  the  location  of 
early  settlements  in  eastern  Canada  to  a  much  greater 
extent  than  in  the  Prairie  Provinces? 

3.  Why  is  the  harbour  of  Prince  Rupert  open  during 
the  winter,  while  the  harbours  of  Labrador  in  the  aaine 
latitude  are  ioe4xHmd  ? 

4.  Compare  the  distances  to  Liverpool  from  (a)  New 
York,  {f')  St.  John,  (c)  Halifax,  {d)  Montreal,  («)  Port 
Xelaoo.  What  influence  may  these  distances  have  on 
the  development  of  trade  routes  across  the  Atlantic? 
Make  a  study  of  the  advantifss  and  disadvantaflss  of 
the  Hudson  Bay  route. 

5.  What  are  the  chief  factors  that  oombiiie  to  produce 
a  larse  seaport  city?  Use  (a)  London,  {b)  Montreal, 
(<*)  New  York,  to  illustrate  your  answer. 

6.  Account  for  the  unused  natural  harbours  of  British 
Columbia,  western  Scotland,  and  Norway. 

360 
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7.  What  geographical  factors  have  (a)  retarded  the 
exploration  of  Africa,  (b)  hindered  the  development 
of  an  extensive  commerce  in  that  continent? 

8.  Compare  the  plains  of  European  Russia  with  those 
of  western  Canada  with  respect  to  (a)  latitude, 
(6)  elevation,  (c)  drainage,  {(I)  climate,  (e)  industries, 
(J)  products.  Under  normal  conditions,  to  what  extent 
and  in  what  commodities  does  Canada  trade  with  Russia  ? 

9.  List  the  manufactured  products  of  your  locality. 
Discover  (a)  the  source  of  the  raw  materials  used,  (6)  the 
market  for  the  finished  goods. 

10.  What  are  the  chief  natural  products  of  the  coastal 
regions  of  British  Columbia,  Norway,  and  southern 
Chile  ?  Point  out  the  geographical  factors  which  account 
for  (a)  similarities,  (6)  differences  in  products. 

11.  Why  is  manufacturing  developed  more  extensively 
in  southern  Ontario  than  in  (a)  the  Maritime  Provinces, 
(6)  the  Prairie  Provinces  ? 

12.  On  which  side  of  Hawaii,  of  Australia,  and  of 
Japan  is  agriculture  most  extensively  developed  ?  Give 
reasons. 

13.  Explain  why  most  of  the  cities  of  South  America, 
except  the  seaports,  are  in  the  highlands  within  the 
tropics,  and  in  the  lowlands  outside  the  tropics. 

14.  Why  is  irrigation  necessary  in  southern  California 
and  in  the  regions  surrounding  the  Mediterranean  Sea  ? 

15.  Why  has  the  basin  of  the  La  Plata-Parana  River 
aystem  developed  much  more  rapidly  than  that  of  the 
Amazon? 

16.  Why  in  eastern  Canada  are  logs  floated  down  the 
rivers,  whereas  in  British  Columbia  they  are  hauled  by 
logging  railways  to  the  coast? 
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17.  Why  are  the  beet  wheat  areas  of  FngUn/l  in  the 
east,  while  the  best  grutw  Innds  are  in  the  west  ? 

18.  Why  are  mountain  passes  more  valuable  economi- 
cally than  mountain  peaks?  Illustrate  by  reference  to 
the  Rocky  Mountains. 

19.  Why  arc  the  waterways  north  of  Canada  difficult 
to  navigate,  while  those  north  of  Europe  are  comparatively 
eaqr  ?  Show  the  bearing  of  this  on  the  devdoiHnent 
of  seaports  on  the  Arctic  coast. 

20.  Why  have  the  rivers  comprising  the  St.  Lawrence 
syvtem  so  many  rapids  and  falls,  while  those  comprising 
the  MiwiusBippi  system  have  so  few?  Onnpare  these 
systems  with  respect  to  their  value  as  sources  of  power. 
\Vhy  is  the  commerce  of  the  St.  Lawrence  system  so 
much  greater  than  that  of  the  Mississii^  ajBtennJ 

21.  The  Laurentian  Highland  (sometimes  called  the 
"Canadian  Shield"),  though  low  and  almost  without 
inountains,  produces  many  valuable  minerals;  the  Alps 
mountains,  the  most  massive  in  Europe,  produce  scarcely 
any.    Account  for  this. 

22.  The  rivers  of  Europe  emptying  into  the  Mediter- 

^oa  and  the  Black  Sea  have  deltas,  while  those 

4  into  the  AUantic  have  not.    Account  for  this, 

V  its  bearing  upon  the  k)catioa  of  the  great 

I'.urope. 

..■>.   <«  wj.    IS  the  winter  climate  tA  St.  John's,  New- 

founcllond,  milder  than  that  of  Toronto,  although  the 

lutt<r  city  is  about  300  miles  farther  south?    What 

bearing  has  this  on  the  ocmmeroe  of  tbete  two  cities  ? 

24.  Why  are  the  trade  routes  in  North  America 
chiefly  from  east  to  west,  while  in  Africa  they  are  from 
north  to  south? 

25.  Java,  with  an  area  twice  as  great  as  ine  idantune 
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Provinces,  has  a  population  of  almost  40,000,000  people, 
and  exports  large  quantities  of  food-stuffs;  while  the 
Amazon  valley,  although  having  a  soil  and  climate 
similar  to  Java  and  being  twenty  times  as  large,  is  one 
of  the  most  sparsely  populated  and  commercially  un- 
important parts  of  the  world.    Account  for  this. 

26.  The  chief  cereals  eaten  by  people  within  the 
tropics  are  rice,  millet,  and  com;  in  temperate  regions, 
wheat  and  rye.     Account  for  this. 

27.  State  five  economic  uses  of  rivers.  Illustrate  these 
uses  by  reference  to  the  following  rivers — ^>'our  local 
river,  the  Ottawa,  the  Mackenzie,  the  Saskatchewan, 
the  Danube  and  the  Nile. 

28.  The  relative  importance  of  the  several  economic 
uses  of  rivers  depends  largely  upon  the  topography  of 
the  river  basin.  Discuss  this,  illustrating  your  answer 
by  reference  to  the  following  Canadian  rivers — the 
Trent,  the  Thames,  the  Niagara,  the  Fraser,  and  the 
Saskatchewan. 

29.  WTiat  geographical  factors  combine  to  produce 
the  great  grass-lands  of  Saskatchewan,  the  Orinoco 
Valley,  Argentina,  and  Australia,  respectively  ? 

30.  What  geographical  conditions  cause  Canada  and 
Argentina  to  have  similar  agricultural  products,  for 
example,  wheat,  flax,  cattle,  and  peaches?  What  dif- 
ferences in  conditions  in  these  countries  make  .\rgentina 
a  market  for  Canadian  lumber  and  farm  machinery'  ? 

31.  Why  does  Argentina  ship  beef  to  Britain  while 
Canada  ships  cattle? 

32.  Name  five  estuaries  of  Europe  and  North  America. 
How  many  of  these  give  valuable  aid  to  commerce  ? 
Make  it  clear  why  they  do  so. 

33.  What  combination  of  geographical  conditions  has 
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wade  (a)  Brazil  the  greatest  ooffee-futxlucmg  country 

f  the  world,  (h)  the  United  States  the  greatest  steel- 

rof luring  countr>%  (r)  Great  Britain  the  greatest  trading 

.'Atry,  (fl)  India  the  greatest  rice-producing  countn,-, 

/  Australia  the  greatest  wool-producing  countr>'  ? 

34.  "The  characteristics  of  the  inhabitants  are  im- 
xirtant  elements  in  the  development  of  the  industries 

Mierce  of  a  country."    Discuss  this  statement, 
11,  ig  your  answer   by   references   to   (a)   wheat- 

groifting  in  Canada  and  Russia,  (6)  the  silk  industry  of 
France  and   Italy,   {<")   the   woollen  industr>'  of  Great 
Britain  and  the  United  States,   (d)   the  dairy  irulustn' 
f  Ireland  and  Denmark. 

35.  "The  industrial  habits  of  the  peopU'  are,  in  turn, 
'irgely  the  result  of  geographical  environment."    Discuss 

lis  statement,  illustrating  from  the  industrial  life  of 
Norway,  Holland,  Czecho-Slovakia,  and  Arabia. 

30.  X:ime  four  industries  that  are  characteristic  of 
Tuiiuiit:iMt<)us   e<:>untries.    To  what  extent   is  each  due 

•  the  influence  of  physical  conditions?  Illlustrate  by 
•  ferenoe    to    (a)   British     Columbia,    (6)  Switseriand, 

)  Pteru. 

37.  Name  four  industries  that  are  typical  of  plateau 
>reM.  Make  clear  the  relation  between  each  industry 
nd  the  geographical  conditions  that    have  made  it 

liossible.  Illustrate  by  reference  to  (a)  the  Interior 
Plateau  of  British  Columbia,  (6)  Tibet,  (c)  South 
Africa. 

38.  "Australia  has  one  of  the  largest  and  driest  deeertt 
1  the  world.    It  abo  has  forests  whose  trees  rival  in  stae 

r  Ki.Hnt   •*fH]uoiaa  of  Califonkia."    Describe  b  detail 
e  KfH^craphical  conditkias  that  explain  this  apparent 

'ion. 

vhen  we  compare  the  bMin  of  the  Mifllwnri> 
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River  with  cortain  lands,  such  as  Finland  and  northern 
Russia,  which  are  in  the  same  latitude,  we  are  led  to 
conclude  that  it  may  yet  support  a  population  of  eight 
millions."  Find  out  whether  the  geographical  conditions 
and  other  kno^ivn  facts  justify  such  a  conclusion. 

40.  Outline  the  geographical  conditions  that  have 
favoured  the  development  of  (a)  cotton-spinning  in 
Manchester,  (6)  8hi|>building  in  Glasgow,  (c)  iron- 
manufacturing  in  Sydney,  Cape  Breton,  (d)  meat- 
packing in  Chicago,  {e)  woollen-manufacturing  in  the 
cities  of  the  New  England  States,  (/)  the  manufacture 
of  farm  machinery  in  Toronto. 

41.  Mention  at  least  five  economic  uses  of  lakes. 
Illustrate  your  answer  by  definite  reference  to  the  Great 
Lakes  of  North  America. 

42.  By  means  of  a  trade-route  map,  trace  two  land 
routes  of  Europe  or  Asia.  To  what  extent  has  the 
course  of  each  been  influenced  by  (a)  mountain  passes, 
(6)  river  valleys,  (r)  good  harbours,  (t/)  productive  areas  ? 

43.  "Mountains  have  exerted  a  marked  influence  upon 
the  distribution  of  the  races  of  mankind."  Discuss, 
using  illustrations  from  Europe  and  Asia. 

44.  By  the  study  of  rainfall  and  temperature  maps, 
find  to  what  extent  the  Great  Lakes  modify  the  sunmier 
and  winter  climates  of  their  locality.  By  referring  to  a 
map  showing  products,  find  to  what  extent  the  products 
of  the  areas  surrounding  the  Great  Lakes  are  due  to 
these  climatic  influences. 

45.  Study  a  map  showing  the  vegetation  areas  of 
Canada.  Note  the  location  of  (a)  hardwood  forests, 
(6)  Alpine  coniferous  trees,  (r)  northern  coniferous 
trees,  (d)  prairies.  What  geographical  conditions  decide 
the  location  of  each  area?    Account  for  the  belts  of 
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forest  along  the  rivers  far  to  the  north  of  the  main 
forests.  Make  a  list  of  the  wood  products  obtainable 
from  each  forest  area. 

40.  By  means  of  mapp,  find  the  distance  saved  by 
the  Panama  Canal  route  in  preference  to  all  other  ocean 
routes  lietween  Hamburg  and  each  of  the  following 
ports — (a)  Vancouver,  (6)  Hong  Kong,  (e)  Valparaiso, 
i'h  Sydney.  Au.'ttralia.  Consult  statistics  to  learn  (a)  to 
v>hsii  extent  shifis  are  making  use  of  the  Panama  Canal, 
(h)  to  what  extent  the  export  trade  of  Canada  passing 
through  the  port  of  Vancouver  has  been  increased  by 
the  opening  of  this  route. 

47.  What  geographical  conditions  have  caused  London 
to  bectjme  the  world  market  for  tea,  wool,  and  ivorj'; 
New  York,  for  coffee;  and  Liverpool,  for  wheat  and 
cotton  ? 

\s.  "AH  great  manufacturing  nations  were  originally 
L'nat  agnfultural   peoples."     Examine  the   truth  of  this 
tatemint    applied  to  such  countries  as  CJreat   Britain, 
Crermany,  Belgium,  and  the  United  States.    Make  clear 
the  eonnectian  betwe.  ultural  production  and  the 

devdopment  of  nianu  >g. 

"Although  Egypt,  China,  Australia,  Spain, and  Mexico 
ruv  great  agricultural  countries,  they  have  not  developed 
extensive  manufactures."     Why  not? 

49.  Find  the  principal  dclu  and  flood^ain  areas  of 
North  America  and  Asia.  Give  reaaoos  wby  thme  areas 
produce  large  crops  of  cereals,  cotton,  or  sugar-ouie. 

50.  Make  a  study  of  the  natural  produota  of  the 
Bahamas,  the  Bermudas,  and  the  coral  islanda  of  tha 
Pacific.  Account  for  (a)  the  similarity,  (6)  the  limited 
range  of  their  products. 

51.  Among  the  cauaei  of  the  growth  of  industrial 
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ccntn-s  arc  (")  nrarnis>  to  raw  inai«riai,  (";  nearness  to 
markft**,  (')  ix)wcr  facilitii's,  ('/)  favourable  climate, 
(«)  supply  of  labour,(/)  the  momentum  of  an  early  start, 
{g)  transportation  faeilities.  Show  the  way  in  which 
one  or  more  of  these  causes  have  operated  in  the  growth 
of  each  of  the  following — (a)  Winnipeg,  (6)  Hamilton, 
(c)  Montreal,  (^0  Pittsburgh,  (c)  Minneapolis,  (/)  St. 
Louis. 

52.  There  are  eight  great  wheat-producing  areas  in 
the  world — central  northern  United  States  and  western 
Canada,  the  Columbia  Basin,  the  plains  of  southern 
Russia  and  of  the  Danube,  north-western  Europe,  the 
Mediterranean  countries,  northwest  India,  southeast 
Australia,  and  Argentina.  From  a  study  of  the  climate 
of  these  areas,  form  conclusions  as  to  suitable  climatic 
conditions  for  wheat. 
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F>oat.  lA;  damage  due  to,  Oo;  action  in 
weatbering,  176. 

Galasy.  364. 

Qeograjphy,    oomnMwIal.    3:    defined. 

1:    (u visions.    3;    mathematical,    4; 

physical.  3. 
Geysers.  200. 
Giant's  Causeway,  308. 
Gladera,  241;  movements,  245;  lakea 

due  to,  233;  valley,  242;  work,  248. 

Gladal,  drift.  312:  obatructe  valleys. 
233;  scratches,  249. 


Gneiss.  170. 

Gorge.  212. 

Granite.  168. 

Cray  weaUier,  S8. 

Great  Baein,  277. 

Great  Desert  of  Gobi.  338. 

Great  Salt  Lake,  229,  238. 

C:round-ice,  239. 

Gulch,  212. 

CSulf  Stream,  140,  144. 

Gully,  211. 

Hail.  62. 

Hanjing  valleys,  249. 

Hard-heads,  169. 

Heat,  absorption  of,  27;  frotc  eotnptee 

sion.  34;  distribution,  33;  refleetion. 

27;  from  expansion,  34;  sources,  26. 
HeUgoUnd.  261. 
Height  of  Und,  206. 
HeUum.  12. 
Heating,   of   air.  30:  of  land.  28;  td 

water.  29. 
Heat  of  sun,  26. 
High  pressure,  74. 
High  tide,  148. 
Hoar-frost.  54. 
Hook,  263. 
Hornbleade.  168. 
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Hon*  totrtwito*.  77. 

UMilillj.*!. 

HantauM.*!. 

I<«.n7. 

ic«  Am.  SIS.  sia. 

lc«b«v.lM.S^ 

ic«.«^S44. 

lew  ia  Ukm.  tB. 

!«•  te  ri««ra.  m 

!«•  naiparii  SSft. 

Um^  egral.  n>:  Milti 

enwM.  ai*;  oc«iii.  »1 

lMlMn.71. 

laotlMnM.  37. 

iMltaraMkl  bjrar.  M. 

li1fc»M»li— .17. 

Japaaaorrrr* 

Jaiatoian»-L 

JopltarampM.  1'^ 

KaMM.s»t. 

KiHwlniMa.U. 

Knkalo*.»SL 

KaroMwo.  l«i 

319: 


t.  Ml. 


l.aha,  aft:  AcMite.  t».  233;  LodM, 
twita.  nS:  autwarttor  lilni.JB7: 


SM:  irm   ■ 
volaMM.  Sn. 


L 


7S. 


lirtml 

1. 

U«m.  IM; 

LMipyaar.  Mft. 
LM«ilk  <4  diqr.  n. 

LkkMi.  179. 

UglM.  MiMM.  U^ 

l.>Mliww.  Itt. 
iJllMafiMf^  lir. 
Um.  171. 
Low  yatmm,  71. 
Lowti4».  I«t. 


M7. 


SIS. 


173. 


MmmmUi  On*.  107. 
Maavow*  nrftmpB.  364. 
Mwbl*.  170. 
Mari.  loe. 

MatlMnaUMtl  gaograpfegrf  4. 
Madial  BKtfaiaa.  317. 
Manarial  baroaaMar.  68. 
Man8.Sl& 
MaUb.  aativa.  160. 
MaUoMirphia  roeka.  180. 
Malaaritaa.  330. 
MaUnra.  II.  3M. 

NUAlKMOMCSrt  ««• 

Miaa.iaa. 

Milky  Way.  364. 

Mia«al.  maanint.  100;  vaiM.  301. ! 

MiateMB  lk«M«Mnalar.  3ft. 


.TO,  34. 
Moaaooo  racioo.  111. 
Ma(aiaM.347. 

I  387 :  Johaaas.  SBl  s  nMa. 


MT: 


8K): 
387. 


104: 
307:  aatim. 


MauilaiM.  Am  to  fairiUM.  377:  Aw  to 
foJAM. 373; ta  ralatioiito < 


>aaaliMaliL 

310:  Qa  hMMV.  300:  efWaal  Md 
371.   377.   370:   etfila.   371: 

■MItfMlMMia     SMa 


ri.    377. 
labia  of  imaoftoal 

371;  ■mkiriag,  SBl. 

r.  340:  aawaa  «l  Mrbi.  340: 
;  a«rtaa>.  M7:  plia—    330. 
347;  yMH«.  S4H 
Mwb.  137. 

Mwny.  air  Ukm,  mu\m  lavaitifa- 
131. 


Nana  Daa».  ISO. 
NMpTMa,  140. 


NaU.  181. 

NHn^Mi.  II.  13.13. 

.Naftk  liiiMlertal  CWfWi.  14a 

NaMlHra  Ui^Ma.  11 

MiiHt  mill  Itoa.  1ST. 

Narfaaa  of  aartk.  i». 
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OMMiie  elimau,  lOt. 
Old  FUlhf  ul.  »0. 
OoMS.  127. 

Orbit,  of  Um  MTth.  SM:  of  Um  mooa. 

340:  pUiM  of  Mrth'a.  3M. 
Os-bow,  etirve,  230;  lake,  23B. 
Omnn,  11.  12;  meUoa  ia  wMthwing. 

OsoM,  II. 

PkUsmIm.  298. 

PWMitM  OOD*.  290. 

PknepUin.  SIS. 

PeribcUon.  330.  345. 

Puiuiabn,  331. 

PMcM.  347. 

Pmaids.364. 

PboUMpbare.  333. 

Phyaieal  gvocraphy,  3. 

Piedmont  gUcier.  243. 

PilUkM.  234 

PUimU,  3a-'  XT7. 

PUins,  dell  ft.  312;  QrmA 

Centnl.^u „.  i— .iis,313:numne. 

311;    of    eroaion,    .il4;    orisin,    310; 

relict,  317;  river.  311. 

PUiMt«aimal  hypoUiMia.  296;  outUiMd. 
3S9. 

PUats.  M  wMtherinc  acMit*.  170. 
PUtMU.  300;  Appalachian,  310;  eroaion, 
317;  origin,  316;  relief,  318;  Yukon, 

3ie. 

Pole  SUr.  3«5. 
Politioal  ceocraphjr,  3. 

PrcMure,  variea  with  altitude,  09;  of 

air,  67;  variation,  70. 
Pumice  atone,  167. 

Quarta.  155,  167. 

Radiationa,  16.  27. 

Radiant  energy,  16. 

Rain,  50;  drop*,  15. 

Rapid*.  214. 

Red  clay.  128. 

Red  River  Valley,  313. 

Red  8m  salinity.  131. 

Reach  of  wave.  146. 

Reef,  barrier.  323;  fringing,  323. 

Relative  humidity,  52. 

River,  delta*.  216;  ice.  238;  roeaaden, 
216:  terrace*.  220. 

Riven,  drainage  area*.  207;  life 
biatory.  221;  aouroe*.  206;  tran*- 
portation  of  ■adiment,  200;  vclumea. 


RowiBc  FortiM,  83. 

Rook,  folding.  273.  274;  fuaion,  204 

BMainc.  IM;  joinu,  160;  trap,  168i 

origin  of  aaoUaa,  171. 
Roeka.     eompoaiUon.      160;     bedding 

pUaea.    150;   groupa.    163;   maaaiva, 

167. 
Rooky  Mountaioa,  271- 

Satt.  in  tbe  tea.  131;  marth.  263;  salt- 

watar  planu.  263. 
Baad-duMa.  171,  190. 
Handatona.  164. 
Svgaaao  8ea,  140. 
.Saturati<in,  50. 
.Scarboruugb  Bluffa,  ISO. 
Heoria,  287. 

8aa    beachea,     282:    aea-water.     131; 

tamperature.  128. 
8aa  hnmm,  78. 
8aa  oaTMraa.  260. 
Saaiee.  131. 
Sea  of  (ialilc«.  231. 
Sea-<|uakea.  307. 
Sediment,  102;  quantity.  187. 
Sadimantary  rook*.  163. 
SadJiaanUMoB.  261. 
Soepaae  water,  100. 
Seiche.  227. 
Seiamograpb.  300. 
Seiamograpben.  300. 
Shala.  164. 
Sbalviag  ahoraa,  256. 
Shot*  eurraata,  262;  terrace*,  253,  254. 

267. 

Siiofa-linco,  253,255. 

Sbora  waU.  238. 

Sky.  aoioura.  15. 

Slate,  origia,  109. 

Snow,  60;  anow-fidda.  240;  mow-line, 
241. 

Solar,    noon,    328;   prominanoea,   334; 

ladiatioaa,  28;  ■yateon.  332. 
Solvaat  actioa.  175. 
Souadiag,  daap  aea,  122. 
South  Equatorial  Drift,  130. 
Spectrum,  17. 
Spiral  NebuU,  358. 
8p<ta.263. 
Springtide,  140. 
Spring*,    hot,    100;    intermittent     \W- 

mineral.  202;  origin,  100. 
Squall-ckMid.  03. 
8tacka.295. 


m:    iaad    Man.    «8: 


I 


T*bl>  hwd.  3I». 
Tklw.  in. 

TaapMBtara,  of  air.   23:  raacp.   30: 
,  SS;  W»»thmnt    178. 

9411. 

T«TM*b«UAi«.»l. 

«tafama.Sft.  "^ 

t  iMRMgni*.  33:  ranvd. ». 

I  >iMilw  ftajr.  373. 
rhaadii  fciiit.  M 
;  'SiimIw -at'imw.  83. 

iVkjr  fli  Fwidbr.  ISO: 

.-45:  UBIMftMM*.   Iwl. 

11.  J%m 

•^4  MM.  IOSl 
-tad  ImM.  km 
«ia4i.7t.»l. 
rawi.  la 

lr«v*eal«alaM.n.tt. 
Tta^wal  fiinaai.  »l. 
IVevtaal  yaar.  M4 

127 


197;  walar.  IM. 
Uaibfa.331. 
Uadvtow.  »1. 

Vaaavina,  m. 
Vokaao.    acKv*.    3M: 

maartm  of 
V 
V 


IM: 

Ma. 


tt  North 
M9:   aMauMar. 


91: 


Watw  boHlai.  131. 


WatarfaBu,  aia. 

Walw  aaaka  Ma  laval.  m. 


WataMabla.lM. 

Watar  rmpomt,  14.  fiO. 

Watar  waves.  14.  16;  aottea  <to  «Mh. 

Wa«a  arafaih  1S7.  MS.  MOi 
Wa«a  aBalptarit.  W. 
Wavaa.  biicbl.  147:  Im«Ui.  145;  nadh. 
146:  wnrCoir.  147. 

Wama  la  ak.  I&. 

WmUmt.  87;  fiiwnaaHi^  91. 

WaallMtiac.     aiadw.     175: 

aaltoa.  18I;   dwai 

fofaaa,  174:  of  raaki 
Walk.  IM:  Aftariaa.  SO*. 
WiaHriia.  77.  P. 
Wat  Wlad  Drift.  140. 
inMofrat.SI. 
M. 
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